

















Continuous surveillance of gross beta activ- 
ity in air and precipitation provides one of 
the earliest and most sensitive indications of 
changes in environmental fission product ac- 
tivity. Although this surveillance does not pri- 
vide enough information to assess human 
radiation exposure from fallout, it is used as 
an alerting system for determining when to 
intensify monitoring in other phases of the 
environment. 

Surveillance data from a number of national 
programs are published monthly and sum- 
marized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided by 


programs of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation are presented individually in tabular 
form. 







1. Radiation Surveillance Network 
December 1964 


Division of Radiological Health, 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) of the PHS Di- 
vision of Radiological Health, which regularly 
gathers samples from 75 stations distributed 
throughout the country (figure 1). Most of 
the stations are operated by State health de- 
partment personnel. 


Alerting function 


The alerting function of the network is pro- 
vided by field estimates of the gross beta ac- 
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Section I—Air and Fallout 


FISSION PRODUCT BETA ACTIVITY IN AIRBORNE 
PARTICULATES AND PRECIPITATION 


tivity of airborne particulates on the filters. 
These determinations are performed about 5 
hours after the end of the sampling period to 
allow for decay of naturally-occurring radon 
daughters. The network station operators tele- 
phone any daily field estimates over 10 pc/m* 
to the Radiation Surveillance Center, Division 
of Radiological Health, Washington, D. C. 
Lower field estimates are reported to the Center 
by the laboratory at Rockville, Maryland, which 
receives a daily written report together with 
the air filter submitted by each station oper- 
ator. The filters are counted at the laboratory 
to confirm field estimates. 


Analyses for specific radionuclides may also 
be made if gross beta activity concentrations 
are high. All field estimates are reported else- 
where on a monthly basis (1). When un- 
usually high air levels are reported, appro- 
priate Federal and State officials are promptly 
notified. 


Air sampling procedure and results 


Airborne particulates are collected continu- 
ously on carbon-loaded cellulose dust filters 4 
inches in diameter. A volume of about 1,800 
cubic meters of air is drawn through each 
filter during the 24-hour sampling period by 
a high volume centrifugal blower. 


The filters are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, where the gross beta activity is 
measured using a thin-window, gas-flow pro- 
portional counter, calibrated with a Sr®-Y’ 
standard. Each filter is counted at least 3 days 
after the end of the sampling period and again 
7 days later. The initial 3-day aging of the 
sample eliminates interference from naturally- 
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@ Honolulu, Hawaii 
@ San Juan, Puerto Rico 
@ Ancon, Canal Zone 








> Paul Island ‘i. 
akodia 


ce clo 








FicurRE 1. RADIATION SURVEILLANCE NETWORK SAMPLING STATIONS 


occurring radon and thoron daughters. By 
using the two counts and the Way-Wigner 
formula (2), the age of the fission products is 
estimated, and the activity extrapolated to the 
time of collection. The daily concentrations 
and estimated ages of selected samples are 
reported by the PHS in a monthly RSN 
report (1). 

The December RSN station average, maxi- 
mum, and minimum gross beta activities in air 
are given in table 1. Figure 2 shows time pro- 


files of data compiled since 1958 for eight of 
the stations. 


Precipitation measurements 


Continuous sampling for total precipitation 
is conducted at most stations on a daily basis, 
using funnels with collection areas of 0.4 square 
meter. A 500-ml aliquot of the collected pre- 
cipitation is evaporated to dryness, and the 
residue is forwarded to the laboratory for 
analysis. If the collected sample is between 





‘If a sample contains a mixture of fresh and old 
fission products, the age estimated by the Way-Wigner 
formula is some intermediate value; consequently the 


calculated age of the fresh component will be over- 
estimated. 


200 and 500 ml, the entire sample is evaporated. 
When a sample is smaller than 200 ml (equiva- 
lent to 0.5 mm or 0.02 inches of rainfall), the 
volume of precipitation is reported, but no 
analysis is made. 

In the laboratory the gross beta activity in 
precipitation is determined by counting the 
evaporated sample by the same method used 
for analyzing the air filters, including the 
extrapolation to time of collection. Deposition 
for the sample is determined by: 


where D is the deposition in nc/m?’, C is the 
concentration in pc/liter, and P is the depth of 
precipitation in mm. The individual values of 
deposition and depth of precipitation are totaled 
for the month, and the average concentration 
for the month, C, is determined by: 


Ont 1000 
— sp * 


The December 1964 average concentrations 
and total depositions are given in table 1. 
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TaBLE 1.—GROSS BETA ACTIVITY IN SURFACE AIR AND PRECIPITATION, DECEMBER 1964 








Air surveillance 


Precipitation measurement 



















































Ala: 
Alaska: 









Colo: 


Ga: 
Guam: 
Hawaii: 
Idaho: 
Ill: 


Ind: 
lowa: 
Kans: 
Ky: 
La: 
Maine: 


Md: 





Tenn: 
Tex: 
Utah: 
Vt: 
Va: 
Wash: 





Network summary - -- 























































Station location Gross beta activity (pe/m*) Last Average Total 
Number of profile j|concentration| deposition 
samples in RHD (pe/liter)> (ne/m?)> 
Maximum Minimum Average * 
I o 5 oot abaseebbbeies cee 30 0.53 <0.10 0.20 | Aug 64 113.4 22.8 
y < ES REE An pee: PT Pte 23 0.59 <0.10 0.22 | Nov 64 
OS ELOY LENE OEE 30 0.34 0.11 0.20 | Apr 65 6.6 1.5 
hi RT FEAR PRES we ees LES 22 0.22 <0.10 0.13 | Dec 64 
SEE CEES TIE ASO IEEE 8 0.23 <0.10 <0.14 | Aug 64 7.1 1.4 
STL 24) -~'« a dec So cal cewokebapea tebe ea 4 0.21 <0.10 <0.13 | Sep 64 
DE. <u c eo dntntadinokcbiaihdan eed 18 1.04 <0.10 0.27 | Oct 64 
TCR danecdiettaahvabiianeatenstowa 20 0.23 <0.10 <0.13 | Feb 65 
ES ee er ee ae ere” 26 0.22 <0.10 <0.13 | Jan 65 
Ss Ee Sr tna bead chiadeue chee ae 30 0.47 <0.10 <0.19 | Mar 65 
Rc nui chk atin atkins eaedme peal 0. : 
NS A OE On Tee re 25 0.34 <0.10 0.18 | Sep 64 89.3 18.1 
SE nos, icin dru a cintbinke a at neh eee oaemere 29 0.26 <0.10 <0.13 | Oct 64 183.1 43.3 
RN, Catia cndbhawbnnases ohh oes 27 0.53 <0.10 0.24 | Feb 65 45.6 9.4 
PL 3. cunt betigaditadee beeen eae 17 0.24 <0.10 <0.11 | Nov 64 
EE Pree Se ee ae 30 0.66 <0.10 0.25 | Oct 64 9.1 1.8 
Ro |. > 1 a namiis cela paiiein dale desd 29 0.41 <0.10 0.20 | Oct 64 105.5 21.4 
et Ail RRR, Selec AI Se SS Re ee Pe 20 0.57 <0.10 0.24 | Aug 64 
Washington 28 0.53 <0.10 0.22 | Feb 65 60.0 12.5 
Jacksonville 27 0.58 <0.10 0.26 | Sep 64 119.1 24.9 
SN 1, tite: bi seat alatbhe ete balnaia ahihene 27 0.92 <0.10 0.37 | Oct 64 79.1 16.0 
CS ES ae Peres eee) ae 12 0.44 <0.10 <0.16 | Apr 65 52.6 12.4 
EE RS SOAS SEES SE 30 0.64 <0.10 0.23 | Apr 65 
RS eek SCC RP ae 30 0.18 <0.10 <0.11 | Dec 64 123.2 24.9 
a SE OE EE SE ET 27 0.54 <0.10 <0.19 | Dec 64 86.4 16.9 
SE aT Pas ae Sere ee 29 0.43 <0.10 0.21 | Feb 65 
IR! 2% Xs Sea iuicedne sane 26 0.47 <0.10 0.19 | Apr 65 86.9 17.6 
ro 18 ac Sushsae chars kam beieeseme 29 0.46 0.11 0.25 | Nov 64 29.8 6.8 
EE x0. 22s aaa ahiah So cetee tee 28 0.37 <0.10 0.21 | Jul 64 20.7 4.1 
SE re eee Se ae 30 0.50 <0.10 0.25 | Feb 65 56.8 12.8 
ae FE SE 28 0.44 <0.10 <0.18 | Feb 65 74.1 14.9 
I on ni nibuiae acid bite ae 31 0.68 <0.10 0.26 | Mar 64 108.8 26.1 
SES RS cet 24 0.36 _ <0.10 <0.17 | Nov 64 
DN. ..cchachnusiv-inedenebinh ubbeiel 27 0.45 <0.10 0.20 | Oct 64 20.0 4.0 
i aS Ce AS Sede fe 15 0.50 0.11 0.22 | Jan 65 
EE ae PF UE AEE 31 0.41 <0.10 0.20 | Aug 64 52.0 13.0 
ape Sie Ra Se SS YESS, 27 0.66 <0.10 0.29 | Dec 64 85.7 28.4 
SEAS Srey Ss ee! 5 Ee Ree er 30 0.65 <0.10 0.29 | Jan 65 
PIER cirdens cca aheskuettecdaave 21 0.25 <0.10 0.15 | Apr 65 29.0 6.2 
Se a BRS eee 29 0.44 <0.10 <0.20 | Mar 65 199.8 40.8 
SDE LE IE TO 10 0.32 <0.10 0.21 | Dec 64 
PE adc nd votndckinnkovest bead 28 0.37 <0.10 0.19 | Apr 65 35.3 7.1 
AS a ae Ge eae we 29 0.45 <0.10 0.22 | Nov 64 21.8 4.6 
OR ans vac is ccceSeeRsccwtseesoetod 18 0.73 <0.10 0.32 | Mar 65 11.3 3.8 
ee ee eae ee 24 0.56 <0.10 0.19 | Aug 64 
ERS pees Ss ee 19 0.49 0.13 0.30 | Feb 65 
I Ge a ee Nea 31 0.70 <0.10 <0.22 | Mar 65 31.8 7 
I a ansnd te bles oldietine Wihikiea auleten 22 0.28 <0.10 0.18 | Nov 64 21.6 5.6 
TN RS ee eee Se an eee! 22 0.41 <0.10 0.21 | Apr 65 59.4 11.9 
REESE CELE FRSC SS 19 0.61 <0.10 0.27 | Nov 64 
RRS ES RS 16 0.65 <0.10 0.26 | Dec 64 
IN 6. iaid civ descent tno ik we mea a eenibol 25 0.53 <0.10 <0.24 | Nov 64 83.9 17.0 
EES ROO AS SOP ee 27 0.47 <0.10 0.19 | Jan 65 16.3 3.7 
EI ETS EH 21 0.38 <0.10 0.18 | Aug 64 
Columbus. --- - EE OTE FEES Sat 30 0.62 <0.10 0.30 | Mar 65 86.5 22.9 
Res Gere ae 30 0.66 <0.10 0.31 | Oct 64 44.8 10.6 
Se ee 30 0.38 <0.10 0.20 | Jan 65 
1 EE RST ROSIE: Sees. 28 0.29 <0.10 <0.13 | Oct 64 17.8 4.5 
| ee ee Pes ee 28 0.85 <0.10 0.26 | Mar 65 146.4 29.2 
Harrisburg. _- ea dons kas eeeee 31 0.45 <0.10 <0.19 | Apr 64 67.2 13.5 
IERIE, 5S THER OES. REP RENE BE 26 0.35 <0.10 <0.15 | Mar 65 71.0 14.1 
IIS Scr a natn tutecateracetiaay atte araeatee seonihtod 30 0.42 <0.10 0.22 | Jan 65 103.8 21.7 
Columbia - - 2 et AE eer 27 0.49 <0.10 <0.19 | Dec 64 108.4 24.5 
Ulan ty Gtieda: a wh ban x'ain.d ed eenl rice acne K 0. ‘ 
DIN, «kx desinibants octbaun bas agua as 30 0.61 <0.10 0.25 | Jan 65 102.6 23.2 
Gi tig. hei dr-di aie i ws DARE ean ed 31 0.36 <0.10 0.22 | Aug 64 29.4 5.9 
El Paso. ibe 31 0.57 <0.10 0.31 | Jan 65 11.5 2.3 
GEN «uc af arcenuanenduume 30 1.13 <0.10 0.32 | Feb 65 84.7 18.4 
RS ae ae Pe ee ree 30 0.65 <0.10 0.32 | Sep 64 72.2 15.0 
31 0.39 <0.10 <0.16 | Sep 64 72.2 14.7 
SEE OE Cn A IRE SE 
Seattle. ...... CRE een SS ey et 27 0.34 <0.10 <0.14 | Jul 64 113.3 23.1 
OE SG Seer eenpe rene mre nem 31 0.35 <0.10 <0.14 | New 
EIR AAR ea 28 0.63 <0.10 0.26 | Dec 64 68.2 20.0 
NS. 5a kccdeeeeee ues coor 30 0.58 <0.10 0.25 | Sep 64 7.0 3.7 
 oscccep aca aaeeebne levee 27 0.59 | <0.10 0.22 | Aug 64 
Saree ee ae 1,786 1.13 <0.10 0.21 66.6 12.1 
















averaging purposes. 


April 1965 


8 The monthly average is calculated by weighting the individual samples with thelength of sampling period. Values of <0.10 are assumed to be 0.10 for 
If the <0.10 values represent more than 10 percent of the average, a less-than sign appears before the average. 
» Blank indicates no report received. 


¢ For the network summary, all averages are arithmetic means of station averages. 
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FicurE 2. MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR— 
RADIATION SURVEILLANCE NETWORK, 1958-DECEMBER 1964 


Radiological Health Data 





2. National Air Sampling Network 
Fourth Quarter and Annual Summary. 1964 


Division of Air Pollution 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of 
the National Air Sampling Network (NASN) 
in 1953. The NASN analyses air samples for 
the total quantity of suspended particulate mat- 
ter, benzene-soluble organic matter, and gross 
beta radioactivity. Selected samples are also 
analyzed for nitrates, sulfates, and a number 
of metals. These analyses aid in the detection 
of trends in levels of pollution with respect to 
time, location, population density, climate, and 
other factors. 








Gross beta activity in air 








NASN stations (see figure 3) are manned 
by cooperating Federal, State, and local agen- 
cies. The current basic network consists of 
110 sampling stations which operate every 
year in 73 large cities and 37 nonurban areas. 
In addition, there are stations in 180 cities 
which operate every other year. Thus, there 
are 240 sampling stations in all in the NASN 
network, of which 175 are active in any given 
year. 

Continuous 24-hour samples of suspended 
particulate matter are taken at each station. 
The samples, representing approximately 2,000 
cubic meters of air, are collected on glass fiber 
filters on a biweekly random sampling schedule. 
They are sent for analysis to the Network 
laboratory at the Robert A. Taft Sanitary 
Engineering Center in Cincinnati, Ohio. 
Fourth quarter and annual summary 1964 data 
appear in tables 2 and 3. 
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NATIONAL AIR SAMPLING NETWORK-1964 
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FicureE 3. NATIONAL AIR SAMPLING NETWORK STATIONS, 1964 


April 1965 






TaBLeE 2.—GROSS BETA ACTIVITY IN SURFACE AIR, NASN, FOURTH QUARTER, 
{Concentrations in pe/m'] 





Number| Maxi- Mini- Aver- 
Station of mum mum age Station 
samples 


Number} Maxi- 
of mum 
samples 








Birmingham . 
Gadsden 

Anchorage 

Grand Canyon Pk.*®....- 
Maricopa County * 
Phoenix 


Little Rock 

Montgomery County *--- 
Texarkana 

Bakersfield. _........-_- 
Burbank 

Humboldt County * 

Los Angeles 

Monterey 


Pemberton 
Perth Amboy 
Princeton 


Albuquerque 
Rio Arriba County * 
Cape Vincent * 


Cape Hatteras *® 
Charlotte 
Fayetteville 
Winston Salem 
Bismarck 

argo 
— County ® 


San Diego 
San Francisco 


Colo: 
Conn: Cincinnati 


Cleveland 
Columbus 


SCOSKSSCOSOSCOKOSCOOCOPN ENO HR ROONM 


SAO DORUN EH MWARNONSHOAHOOWUNOSKHUNMOWNORWESH 


Del: Kent County * 
Newark 
Wilmington 

D. C: Washington 

Fla: Florida Keys * 
Jacksonville 


ecoocoooscoosssssosesssssssssssssS 
papermrerermerererer rer crcl err rot tt 


Steubenville 
oledo : 
Youngstown 
Cherokee County * 

Oklahoma City 


A 


Ga: 
Hawaii: 
Idaho: 


Ill: 


CHUN ENWRWNEOCOURKHNORENOCONSOOSOOMOOONM 


0S PAROS MH PNW OPNIDAHNWNOORNH WIAA ANRABIIH OS 
COM OR OOM ORR OSOMROSOS SOS SSO SSS SSE SSS 


Curry County * 
Portland 

Clarion County * 
Eagleville 
Embreeville 
Lancaster 
Philadelphia 
Pittsburgh 


COOH COM HNO RM OOOCOSOKOSSS SOS SSS SSSSSSeSsSooNérs= 
“a Cao S70 So So CRD ND EN NO OOO OW AMANARPINWAUWAGOOW 
bas Ge 7 dm WD 00 © G2 OND OO 0 ND DOO OO CO 


Oe he WOON K NWO 


4 
4 
2 
1 
2 
3 
2 
3 
1 
4 
2 
2 
3 
1 
2 
4 
3 
2 
1 
3 
1 
ol 
2 
2 
2 
2 
1 
1 
2 
3 
1 
1 
1 
3 
4 
1 
2 
4 
2 
2 
1 
2 
3 


Springfield 

East Chicago 
Evansville 
Fort Wayne 

Gary 

Indianapolis 
Lafayette 

Parke County * 
Davenport 
Delaware County * 


Providence 

Washington County ®-- _- 
Columbia 

Richland County * 

Black Hills * 

Sioux Falls 

Chattanooga 

Memphis 

Nashville 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


RADA ABARA AAR AAAAA DATA DA HAHAH NAR AHHH AAA ADAH SAHARA AA SH 


Covington 
Louisville 
Baton Rouge 
Lake Charles 
New Orleans 


0 
0 
0 
0 
0. 
0. 
0 
0 
0 


ANH RROOH EER NONE NE OM 


Maine: 


Texarkana 
Waco 


Salt Lake City 
Burlington 
Orange County * 
Danville 


Md: Baltimore 
Calvert County * 

Mass: NE nas an ah a Gas Gh ha 5e jo 
Springfield 

Mich: Detroit 


0 
0. 
0. 
0. 
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2 
2 
2 
2 
2 
1 
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2 
3 
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Minn: 
Minneapolis 
Moorhead - - - . - ad cee aoa 
St. Paul 
Miss: 
Jackson County * Huntington 
Mo: Kansas City Parkersburg 


Door County * 
Eau Claire 
Milwaukee 
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Nebr: 
Thomas County * 
Nev: Las Vegas 


0 
0 
0 
0 
0 
0 
0 
0 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
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TaBie 3.—FISSION PRODUCT GROSS BETA ACTIVITY IN SURFACE AIR, NASN, 
ANNUAL SUMMARY, 1964 


{Concentrations in pe/m!‘] 
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I i Mini- Aver- 
Station of mum mum age Station of mum 
samples samples 
Ala: pe 26 5.1 0.1 1.4]] Nev: ne VOGNG sco nnods she od 25 4 
Re PRES Ree 26 3.3 0.1 1.3 White Pine County *__._. 23 4. 
a aS 26 9.3 0.2 1.7|| N. H: NS Ea 24 3. 
Alaska: Anchorage_______._..--- 24 3.8 0.1 0.7 Coos County *______.._- 25 3. 
Ariz: Grand Canyon Pk.*___ ~~ 25 5.0 0.2 1.7), N. J: DNR. . dda cahoces} 14 4. 
Maricopa County *-- __ _- 26 8.0 0.1 2.4 en. 5 25 ob sews oe veuk 26 4. 
OS eae 26 5.4 0.1 2.0 OS IE Ee 20 4. 
SR ood fa nn ee haedace 25 6.5 0.1 1.8 PENNER ias cs cdebewede 18 5. 
Ark: a > UO” Sees 25 3.6 0.1 1.2 ON Ee 26 3 
Montgomery County --« -- 24 5.5 0.3 1.6 New Brunswick. ___.__-- 22 3 
ET tarcclawieioms. 24 2.9 0.1 1.1 PORIDOIOOR.. < o.ccccnee 18 4. 
Calif: RARER 25 5.6 0.2 1.5 Perth Amboy - ---------- 20 5. 
ee 24 6.5 0.3 1.7 a 18 3 
Humboldt County *__-__- 23 3.0 0.1 0.5 +, ip RRR eh tite Ot Te 22 3. 
Los Angeles. _...__.__-- 26 4.7 0.2 1.2 ee eae 23 4. 
) a eae 22 3.6 0.2 1.1}) N. Mex: Albuquerque... .__._--.-- 26 5. 
eRe 25 3.6 0.1 0.9 Rio Arriba County *-_-__-- 26 4 
PC. wade c kien ed 26 5.0 0.2 1.6] N. Y: Cape Vincent *________-_- 26 3 
Sacramento. -.._.....-.-- 26 4.9 0.1 1.1 DC Re" "SS aae 26 5. 
ESS: 25 4.0 0.3 1.5]| N. C: Cape Hatteras *._._____- 25 6. 
San Francisco_____.-_-.-_- 26 3.3 <0.1 0.9 2 SNES 25 4. 
NN I cc ewsmas 25 3.2 0.1 1.2 Fayetteville...........-- 24 6. 
Santa Barbara- -_-------- 26 4.0 0.2 1.1 Winston Salem-------- > 25 5. 
Colo: ete eae 26 9.5 0.2 2.0}|N. Dak: Bismarck..............- 26 6. 
Montezuma County *_--_- 26 5.7 0.2 1.6 ee eke Bee sane 25 3 
Conn: eee 23 3.5 0.1 1.4 W aaa Ye ee 26 5 
New Haven..._._..-.-- 26 4.9 0.1 1.3 || Ohio: rs ee 26 4 
Del: Kent County *_______-_- 23 4.4 0.1 1.3 SE REE 25 6 
, SO ears 16 3.7 0.2 1.1 OS RSS 26 3 
ee has 26 8.4 0.3 1.7 Sane 26 6 
DB: Ce » ee Soe eee 26 7.2 <0.1 1.6 Ro on bcnecta oud 26 6. 
Fla: Florida Keys *_--_--- cmoaa 21 4.1 0.1 1.3 WOES kde watch < koteakhe 25 3. 
Jacksonville. __....._.-- 26 12.4 0.1 1.7 Steubenville. ___..._-..- 24 4. 
Ng. aidan wes 20 19.0 0.3 2.6 , ER Py ae 26 6 
NEES OR ees eee oe 19 5.7 0.1 2.2 Youngstown--_._...--- 26 5. 
Ga: eh Ba al wi cea 26 3.8 0.2 1.4] Okla Cherokee County *-_._.-- 26 5. 
gee See eee 26 2.2 0.1 0.8 Oklahoma City ------_- 25 4. 
Idaho: i ata cal 26 4.2 0.2 1.5 Wes eden mexerce wetal 26 3. 
Butte County *_______-- 26 5.5 0.4 1.8 || Ore Curry County *_- h 19 1 
Il: SND wivecée kon cewds 21 3.2 0.1 Res OS SER! PS eae 25 3 
ee 21 4.0 0.2 1.4]| Pa: Clarion County *_.___.-- 22 6 
De gelinsindneddatnde 24 3.4 0.1 1.1 Eunbreeville............- 19 3 
ES ee ee 23 2.7 0.2 sa Dene. os. con eon 25 4 
4 ee 24 4.6 0.3 By Philadelphia- --....--.-- 25 4 
OS eee 15 1.8 0.3 0.7 OS SESS 26 6. 
Ind: East Chicago... ...--.-.-- 23 2.4 0.2 1.0|| P. R: Geageniee..«.........- 26 3. 
| eee 23 3.9 0.2 1.3 UII Lc ...'5s dy b Rae ae 26 3. 
Port wayee............ 25 4.1 0.2 1.5 ae 25 3. 
he Bik. ata se eh debiodl 21 3.7 0.2 1.4) R.I eS ee 23 4. 
OE See. 26 3.8 0.2 1.5 Washington County *___- 26 5. 
SERIO 22 2.5 0.1 1.1)|}8. C: | aaa ee 21 4. 
Parke County ®______-_-- 26 2.9 0.2 1.2 Richland County ®_-_--_ -- 23 5. 
Iowa: eS a 23 3.1 0.1 1.3}|S. Dak “i * aipere 26 4. 
Delaware County *_-____- 24 2.3 0.2 1.0 EE. ctscnanaced aa 25 2. 
Des Moines..........--- 25 3.6 0.2 1.5/|| Tenn Chattanooga..____....-- 24 5 
0 7 eee 26 2.8 0.1 1.2 ie. Jo cue attends ie 24 5 
Kans: Kansas City ..._....-.-- 25 3.3 0.2 1.1 PIN a. i= Wiccan ne alae 26 3 
|. Sarr # 25 3.8 0.3 1.3 || Tex Aransas County Ri Sedo 26 3 
Ky: / REGS 24 6.5 0.3  , | DRE 26 3. 
oS a ree 24 5.7 0.1 1.6 > ” &— a RSe 26 8. 
ee ae 21 3.0 0.2 1.2 is da. vs bs vices are binoe 24 4. 
La: Baton Rouge--_-._____-- 26 6.4 <0.1 1.4 is ins wm ie 19 5. 
Lake Charles_____..___- 26 3.4 <0.1 ee eS S| 25 5. 
New Orieans............ 26 6.8 0.1 1.6 Texarkana.............- 24 3. 
Maine: Acadia Nat'l. Park *____- 23 3.9 0.2 1.4 er Ie. 26 3. 
es eo 24 3.5 0.2 1.3 || Utah: ON 26 3. 
Md: oO 24 4.6 0.2 1.5 Salt Lake ES? F 24 5. 
Calvert County *_______- 26 5.7 0.2 1.7 || Vt: Burlington _ ied a 23 4, 
Mass: _. a eee Sees 26 4.4 0.2 1.3 Orange County te oe Awake 26 3. 
Borimemene............<- 24 3.8 0.1 1.2|| Va SS ela are Sa 25 6. 
Mich: RE ER HE 26 4.3 0.3 1.4 SN nds wihbte ns Uae 26 5. 
. eee A 18 4.7 0.2 1.8 Shenandoah Park * 26 9 
Minn: ek ek tS 25 2.7 0.2 1.1)| Wash: irs dB cidewdn die 26 1 
Minneapolis - ~~. ..._.---- 26 2.7 0.1 1.0 , “aie Saree ? 25 1 
Moorhead. .._.......-.-- 25 3.2 0.2 1.2]|}W. Va: Charleston......._.._-- 26 5 
ik ated Sere ee 26 2.6 0.1 1.1 ae a ae 24 6 
Miss: CS SS a 24 3.3 <0.1 1.3 Parkersburg. - --..-.---- 26 6 
Jackson County *______- 20 12.6 0.1 Fy el 21 4 
Mo: meee CAF... «20sec 25 4.2 0.2 1.4]| Wis: Door County *__....._.- 23 2 
Shannon County *______- 25 3.6 0.1 RB, Eau Claire. ......-. 26 3 
RY EE eee 26 3.1 0.1 1.3 Milwaukee............. 26 3. 
Mont: Glacier Nat'l. Park *____- 24 2.5 0.1 0.8 RE hen cacwela sw oe iaod 26 2. 
RE Ee 26 4.7 0.1 1.3 Fae 24 2. 
Nebr: HRS RSSe ee eae 26 4.3 0.1 1.7|| Wyo: Cheyenne... _.- 25 5. 
Thomas County *___._-- 24 6.4 0.2 1.6 Yellowstone Park *_____- 26 3. 
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3. Canadian Air Monitoring Program” 
December 1964 


Department of National 
Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors air and precipitation in con- 
nection with its Radioactive Fallout Study Pro- 
gram. Twenty-four collection stations are lo- 
cated at airports (see figure 4), where the 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of anal- 
ysis, and interpretation of results of the radio- 
active fallout program are contained in re- 
ports of the Department of National Health 
and Welfare (3-7). 


Air 

Each air sample involves the collection of 
particulates from about 650 cubic meters of 
air drawn through a high-efficiency 4-inch- 
diameter glass fiber filter during a 24-hour 


period. These filters are sent daily to the Radia- 
tion Protection Division Laboratory in Ottawa. 





Data from RADIATION PROTECTION DIVI- 
SION. Radiation Protection Programs, Vol. 3, No. 1: 
45-46 (January 1965), Canadian Department of Na- 
tional Health and Welfare, Ottawa, Canada. 












At the laboratory, a 2-inch-diameter disk is cut 
from each filter and counted with a thin-end- 
window, gas-flow, Geiger-Mueller counter sys- 
tem calibrated with a Sr®-Y* standard. Four 
successive measurements are made on each 
filter to permit correction for natural activities 
and for the decay of short-lived fission prod- 
ucts. The results are extrapolated to the end 
of the sampling period. Canadian air data for 
December 1964 are given in table 4. 


Precipitation 


The amount of radioactive fallout deposited 
on the ground is determined from measure- 
ments on material collected in special poly- 
ethylene-lined rainfall pots. The collection 
period for each sample is one month. After 
transfer of the water to the sample container, 
the polyethylene liner is removed, packed with 
the sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 
all samples on arrival at the laboratory. Other 
carriers are also added to selected samples 
according to the specific radionuclides to be 
determined. The samples are then filtered and 
the filtrate evaporated to near dryness. The 
filter paper containing insoluble matter is 
ignited together with the polyethylene liner at 
450 degrees C. The ash is combined with the 
soluble fraction, transferred to a glass planchet, 
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FicurE 4. CANADIAN AIR AND PRECIPITATION SAMPLING STATIONS 


Radiological Health Data 








TaBLe 4.—GROSS BETA ACTIVITY IN SURFACE AIR AND PRECIPITATION, 
CANADA, DECEMBER 1964 
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Precipitation 
measurements 
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evaporated under an infra-red lamp, and then 
counted with a thin-end-window Geiger-Mueller 
counter calibrated with a Sr®’-Y°° source. Gross 
beta activities for December 1964 samples are 
given in table 4. Radionuclide analyses are 
reported quarterly in RHD. 


4. Mexican Air Monitoring Program 
December 1964 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comision 
Nacional de Energia Nuclear (CNEN), Mexico 
City. From 1952 to 1961 the network was 
directed by the Institute of Physics of the 
University of Mexico, under contract to the 
CNEN (8-12). 

In 1961 the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance network. This network 
consists of 17 stations (see figure 5), twelve 
of which are located at airports and operated 
by airline personnel. The remaining five sta- 
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tions are located at Mexico City, Mérida, Vera- 
cruz, San Luis Potosi, and Ensenada. Staff 
meinbers. of the DRP operate the Station at 
Mexico City, while the other four stations are 
manned by members of the Centro de Prevision 
del Golfo de México, the Chemistry Department 
of the University of Mérida, the Institute de 
Zonas Desérticas of the University of San Luis 
Potosi, and the Escuela Superior de Ciencias 
Marinas of the University of Baja California, 
respectively. 


Sampling 


The sampling procedure involves drawing 
air for 24 hours a day, 3 or 4 days a week at 
the rate of approximately 1,200 cubic meters 
per day, through a high-efficiency, 6 x 8-inch 
glass fiber filter, using high volume samplers. 
After each 24 hour sampling period, the filter 
is removed and forwarded via air mail to the 
“Laboratorio de Estudios sobre Contaminacién 
Radiactiva”, CNEN, in Mexico City for assay 
of gross beta activity. A minimum of 3 or 4 
days after collection is allowed for decay of 
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radon and thoron daughter natural radio- 


activity. Data are not extrapolated to time of 
collection. 





Results 


The maximum, minimum, and average fission 
product beta concentrations in surface air dur- 
ing December 1964 are presented in table 5. 


Taste 5.—GROSS BETA ACTIVITY OF AIRBORNE 
PARTICULATES, MEXICO, DECEMBER 1964 














Number Gross beta activity (pc/m) 
Station of 
Samples 
Maximum | Minimum | Average 

che concedactnd 9 <0.1 <0.1 <0.1 
Ciudad Jufrez__......_- 15 0.4 <0.1 0.2 
NE SS eee 18 0.3 <0.1 0.1 
a REN aS al at 8 0.3 0.1 0.2 
Gundealaiara............ 18 1.2 <0.1 0.1 
0 eee 10 0.7 <0.1 0.2 
| ee 20 0.5 <0.1 0.2 
EE 4 <0.1 <0.1 <0.1 
EE ee 

ren oe oe eo 9 0.2 <0.1 0.1 
SS 15 0.1 <0.1 0.1 
Nuevo Laredo... ..-__-- 10 0.5 <0.1 0.2 
San Luis Potosi_....._-. 14 0.2 <0.1 <0.1 
OEE SE a 16 0.3 <0.1 0.1 
Ne ae a rae 24 0.5 <0.1 0.1 
Tuxtla Gutiérrez *_____. 

| a RE See 21 0.3 <0.1 0.1 














® Blank indicates station temporarily shut down. 
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FicurE 5. FALLOUT NETWORK SAMPLING STATIONS IN MEXICO 






5. Pan American Air Sampling Program 
December 1964 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
four countries in the Americas under the 
auspices of a collaborative program developed 
by the Pan American Health Organization and 
the Public Health Service (PHS) for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the 
Radiation Surveillance Network. 

The four air sampling stations included in 
the Program are operated by the technical staff 
of the Ministry of Health in each country. The 
station in Kingston, Jamaica, is operated by 
the Public General Hospital; in Caracas, 
Venezuela, by the Venezuelan Institute for 
Scientific Investigations; in Lima, Peru, by the 
Institute of Occupational Health; and in Santi- 
ago, Chile, by the Occupational Health Service. 


Radiological Health Data 











The Kingston station began operation in March 
1964, and the other three were started near the 
end of 1962. 

The December 1964 air monitoring results 
from the four participating countries are given 
in table 6. 


Tasi_e 6.—GROSS BETA ACTIVITY IN ATR, 
DECEMBER 1964 


[Concentrations in pe/m‘] 

















Sampling stations No. of Maximum | Minimum | Average * 
samples } 

Kingston, Jamaica_ -_- 21 0.19 | <0.10 0.12 
Caracas, Venezuela. ____- 9 <0.10 | <0.10 <0.10 
SS ee 0 pent — — 
Santiago, Chile______._. 29 0.2 <0.10 0.13 

® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the <0.10 values represent more than 10 
percent of the average, a less-than sign is placed in front of the average. 





6. Gross beta activity in air, North America 
December 1964 


Beginning with January 1963 data, monthly 
average concentrations of airborne gross beta 
activity in Canada and the United States have 
been presented in combined form as isogram 
maps of most of North America. The data 
from the Radiation Surveillance Network and 
the Canadian Air Network may be adjusted to 
each other by means of an intercalibration 
factor derived by Lockhart and Patterson 
(13). Because of extremely low levels of gross 
beta activity in air during December 1964, the 
isogram presentation is omitted. 

With the formation of the Mexican Air 
Monitoring Program, new intercalibration 
ratios were determined, this time including 
the Canadian Network, Radiation Surveillance 
Network, Pan American Air Sampling Pro- 
gram, National Air Sampling Network, the 
HASL 80th Meridian Network, and the Mexi- 
can Network (14). The new intercalibration 
factors reflect some changes in standardization 
in both the RSN and the Canadian Air Net- 
work, effective September 1963. The RSN and 
Pan American data were multiplied by an 
intercalibration factor of 1.28, and the Mexican 
data were multiplied by 0.81 in order to adjust 
them to Canadian data. 
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Beginning October 21, 1964, air filters from 
the NASN stations shown in figure 1 were 
analyzed for recently formed fission products 
resulting from the mainland Chinese atmos- 
pheric nuclear test. Samples were taken daily 
by or for the Division of Air Pollution at Los 
Angeles, St. Louis, and Washington; Cincin- 
nati samples were collected daily by personnel 
of Radiological Health Research Activities. 
Seven additional stations along the northern 
boundary and west coast of the United States 
sampled daily between October 21 and 27. On 
October 28 all NASN stations collected their 
regular biweekly 24-hour sample for gross beta 
activity concentration measurement; the results 
are shown in figure 2. 


At each station, suspended particular matter 
was collected with a high-volume pump on an 8- 
by 10-inch glass fiber filter over a 24-hour 
period from approximately 2,000 cubic meters 
of air. After collection the filters were removed 
and sent to the Robert A. Taft Sanitary Engi- 





1 Messrs. Branson, Gold, and Hardin are staff mem- 
bers and Dr. Kahn is Chief of Radiological Health 
Research Activities, Division of Radiological Health, 
and Dr. Tabor is Chief of the National Air Sampling 
Laboratory of Engineering and Physical Sciences, Di- 
vision of Air Pollution; both of these Divisions are 
agencies of the Public Health Service, U.S. Department 
ot Health, Education and Welfare, Robert A. Taft 
Sanitary Engineering Center, Cincinnati, Ohio. 

2 Mr. Holzworth is the Supervisory Research Meteor- 
ologist of the U.S. Weather Bureau Research Station, 
Cincinnati, Ohio. 
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DETECTION OF FALLOUT FROM CHINESE NUCLEAR TEST OF 
OCTOBER 16, 1964, BY THE NATIONAL AIR SAMPLING NETWORK 


B. Branson’, E. Tabor’; G. Holzworth?, S. Gold’, J. Hardin’, and B. Kahn’ 


neering Center for analysis. Gross beta activity 
from fallout Was measured with an end-window 
proportional counter 4 or more days after col- 
lection so that the contribution of activity from 
the short-lived radioactive daughters of the 
naturally occurring radon and thoron would be 
eliminated. The radioactivity concentration, in 
picocuries per cubic meter of air (pc/m*), was 
determined by: 


KC 
a 
pe/m FEV 


where K = pc/dpm 
C = count rate, cpm 
F — self-absorption factor 
E = counter efficiency, cpm/dpm 
V = air volume, m*. 


‘Any significant increase in gross activity 
alerted the counting room to obtain a gamma 
sean of the filter. The gamma radiation was 
measured with a 4 x 4-inch Nal (TI) crystal 
and a 200-channel spectrometer. In many of the 
samples it was possible to identify 12.8-day 
Ba'*°-La'™®, 3.2-day Te?*-I'**, 2.8-day Mo”, and 
2.4-day Np?’ based upon rates of decay and 
characteristic gamma peak energies. The 
presence of Np**’ results from the decay of U**, 
the neutron activation product: of U***; the 
other radionuclides are common fission 
products. 
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FiguRE 1. RECENTLY FORMED FALLOUT ON AIRBORNE PARTICLES NASN 
STATIONS AND RHRA CINCINNATI STATION, USING GLASS FIBER FIL- 
TERS WITH AIR VOLUME OF APPROXIMATELY 2000 m°/day. 


Figures 1 and 2 show the gross beta concen- 
trations of recently formed radionuclides on 
airborne particles. To correct for the gross 
beta activity from older fission products, their 
average concentration during this time, 0.5 
pce/m*, was subtracted from the total concen- 
tration. The concentration of older fission 
products before October 16 varied between 
<0.1 and 1.0 pe/m', so that the larger values, 
rounded to the nearest integer, provide a fair 
indication of relative concentration. Below a 
concention of 1 pc/m* for recently formed radio- 
nuclides, the value obtained by this subtraction 
obviously is quite approximate; the presence of 
fresh fallout, as shown by gamma spectral 
analysis, is indicated by “TT” for “‘trace.” When 
recently formed fallout was below 0.1 pc/m', 
corresponding to approximately 0.01 pc/m® of 
Ba'*® or Te'**, it could not be detected, as indi- 
cated by “‘N” in figures 1 and 2. 
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All of the radionuclide concentrations are 
given as measured 4 to 12 days after collection. 
In view of the Way-Wigner t-'-* decay relation- 
ship (1), where the time between radionuclide 
formation and counting, t, was 9 to 24 days, the 
activity on the day of collection would have 
been appreciably higher. Decay corrections to 
the day of collection lead to computed values 
that are as much as twice those listed. 


Figures 1 and 2 show that most sampling 
stations in the United States received at least a 
trace of the fallout from the Chinese nuclear 
test. The highest measured gross beta radio- 
activity concentrations in air were at Bismarck 
on October 24-25, Helena on October 23-24, and 
Orlando on October 27-28. The respective 
values were 24, 21, and 18 pc/m' on the day of 
counting, corresponding to 38, 36, and 28 pc/m* 
on the day of collection according to the t-* de- 
cay correction. 





SHTIOILUVd ANUOAUIV NO LAOTTIVA CAWAOT ATLNAOAA °s FAAS 























¢W/2d 10 NWHi SS37-N 

cW/od | ONY 'O N33Mi36e~1 
gW/IdG < :vauv azdVvHS 
NOILVLS ONITIGMYS SYD NVEUN [) 

NOLLVIS ONIIGNVS J1VINDLNVd NVEUNNON Y 
NOILVIS ONIMIGWVS J1VINDUUVd NVEUN @ 





Radiological Health Data 






































ifisinoy as 


L ALID SVSNVN 
ALD 





OS. cnogynviom 
‘4 
ZB ZGop anuvd 
: Tt. 
7S! #90 
eng a0 


(82/22 190) 
¥96I-NYOMLIN ONIWWVS XIV TVNOILVYN 





ar 








The relative magnitude of the fallout con- 
centrations in ground-level air may be con- 
sidered from the following very brief descrip- 
tion of atmospheric processes that are usually 
thought to be important. For a tower burst of a 
low-yield bomb, the bulk of the fallout is ex- 
pected to occur locally. Of that which remains 
airborne for more than a day, most is expected 
to be composed of very small particles with 
negligible settling rates. These particles will be 
located in the upper troposphere where they 
will be transported horizontally by the winds. 
Figure 3, provided by the Atmospheric Radio- 
activity Research Branch of the U.S. Weather 
Bureau, shows the estimated trajectory of ex- 
plosion debris at about 30,000 feet, near the top 
of the troposphere. The trajectory is shown to 
be quite wide to allow for uncertainties in the 
data and to depict some lateral spread of the 


The most effective mechanisms to bring high- 
level debris to the surface are vertical mixing 
and precipitation. The extent of vertical mixing 
in the atmosphere is often difficult to determine 
and occurs on various scales and at varying 
elevations. Precipitation, especially the deep 
convective type, is indicative of extensive verti- 
cal mixing. If precipitation elements fall 
through or originate at the level of the debris, 
these elements are likely to capture debris par- 
ticles and carry them to the surface. Another 
effect of precipitation may be to “drag” debris 
air down to the surface, thereby increasing 
debris concentrations in surface air as well as 
in surface precipitation samples. As high-level 
debris is mixed downward it is subjected to 
variable horizontal winds at lower levels, which 
enhance horizontal mixing. 

According to the trajectory of figure 3, the 
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October 19, over the Central, Southern, and 
Eastern United States on October 20, and over 
the Northeastern United States early on the 
21st. Precipitation measured at the sampling 
stations between October 21 and 27 amounted 
to 0.73 inch on October 21 and 0.16 inch on 
October 27 at Anchorage; 0.04 inch on October 
27 at Portland, Oregon; 0.03 inch on October 21 
and 0.01 inch on October 22 at Burlington. 
Figure 4 shows the total precipitation in inches 
for the gross beta measurement period of figure 
2. The precipitation area extends along the 
Mississippi Valley to the Great Lakes, and over- 
laps the stippled area of highest gross beta 
concentration in figure 2 only in southeastern 
Louisiana and western Pennsylvania. 

Vertical mixing associated with precipitation 
could, therefore, have carried high-level debris 
air directly to the surface only in these two 
small areas and at Anchorage. At all other loca- 
tions the nuclear debris appears to have reached 
the surface less directly and as a result of mix- 
ing associated with other processes. The maxi- 
mum radionuclide concentrations at Helena, 
Montana; Bismarck, North Dakota; and Du- 
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Figure 4. 24-HOUR PRECIPITATION (INCHES), FROM 11 AM (LST), OCT. 27, 1964 


luth, Minnesota, all occur 4 to 5 days after the 
passage of the leading edge of the upper tropo- 
spheric debris cloud. Daily gross beta concen- 
trations in airborne particulates, tabulated by 
the Radiation Surveillance Network of the Di- 
vision of Radiological Health, were elevated at 
Denver, Colorado, since the October 24 collec- 
tion. Most other high values shown in figure 2 
appear to have risen to these concentrations on 
the day of collection, suggesting a somewhat 
slower rate of descent. The variable time lag 
between passage of the leading edge of the 
upper troposphere debris cloud and the occur- 
rence of debris in surface air may have been 
caused by undetermined vertical mixing and 
variable winds at lower levels as the debris was 
mixed downward toward the ground. Air move- 
ments at lower levels may also be responsible 
for the detection of traces of fresh fallout in 
the Southwestern United States, out of the 
path of the upper tropospheric debris. 
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Section II—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it is 
the single food item most often used as an in- 
dicator of the population’s intake of radionu- 
clides from the environment. This is because 
fresh milk is consumed by a large segment of 
the United States population and contains most 
of the radionuclides occurring in the environ- 
ment which have been identified as biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
handle, is easily analyzed, and samples which 
are representative of milk consumption in any 
area can be readily obtained. 


1. Pasteurized Milk Network, 
December and Annual Summary for 1964 


Division of Radiological Health and Division 
of Environmental Engineering and Food 
Protection, Public Health Service 


The Public Health Service pasteurized milk 
surveillance program had its origin in a raw 
milk monitoring network (1) established by 
the Service in 1957. One of the primary objec- 
tives of the raw milk network was the develop- 
ment of methods for milk collection and radio- 
chemical analysis suitable for larger scale pro- 
grams. 

Experience derived from this earlier network 
led to the activation of a pasteurized milk 
sampling program with stations selected to pro- 
vide nationwide surveillance of milk production 
and consumption areas. The present network 
consists of 63 stations, with at least one in 
every State, the Canal Zone, and Puerto Rico. 
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Sampling Procedure 


Through the cooperation of State and local 
milk sanitation authorities, samples are rou- 
tinely collected at each station. The method 
specifies that each station’s sample be com- 
posited of subsamples from each milk process- 
ing plant in proportion to the plant’s average 
sales in the community served. At most sta- 
tions the sample represents from 80 to 100 per- 
cent of the milk processed. Prior to September 
15, 1961, the composite sample was taken from 
one day’s sales per month and was as repre- 
sentative of the community’s supply as could 
be achieved under practical conditions. Begin- 
ning with the resumption of nuclear weapons 
testing in the atmosphere in September 1961, 
and continuing through January 1963, samples 
were collected twice a week at nearly all sta- 
tions and daily for short periods at selected 
stations. Since then, the sampling frequency 
has been reduced to once a week. 


Samples are preserved with formaldehyde 
and sent to the PHS Southwestern (SWRHL), 
Southeastern (SERHL), or Northeastern 
Radiological Health Laboratories (NEHRL) 
for analysis. Gamma analyses for iodine-131 
are made within 3 to 6 days after sample col- 
lection, and any results exceeding 100 pc/liter 
are immediately telephoned to State health offi- 
cials for possible public health action. Analyti- 
cal results are normally available 6 to 7 weeks 
after weekly samples are received by the lab- 
oratories; publication in RHD follows 3 to 4 
months after the monthly samples are com- 
posited for analyses. 
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Analytical Procedures 


Iodine-131, cesium-137, and barium-140 con- 
centrations are determined by gamma scintilla- 
tion spectroscopy.' After the weekly samples 
are gamma scanned, samples from two consecu- 
tive weeks are composited and analyzed radio- 
chemically for strontium-89 and strontium-90. 
There is an inherent statistical variation asso- 
ciated with all measurements of radionuclide 
concentrations. With the low radionuclide levels 
which are usually found in milk and other en- 
vironmental samples, this variation on a per- 
centage basis is relatively high. The variation 
depends upon such factors as the method of 
chemical analysis, the sample counting rate and 
counting time, interferences from other radio- 
nuclides, and the background count. For milk 
samples, counting times of 50 minutes for gam- 
ma spectroscopy and 30 to 50 minutes for beta 
determinations are used. Table 1 shows the ap- 
proximate total analytical error (including 
counting error) associated with radionuclide 
concentrations in milk. These errors were de- 
termined by comparing results of a large num- 
ber of replicate analyses. 

TaBLE 1.—ANALYTICAL ERRORS ASSOCIATED 


WITH ESTIMATED CONCENTRATIONS FOR SE- 
LECTED RADIONUCLIDES IN MILK 




















Estimated Estimated Error ® 
Nuclide concentra-| Error ® concentration /|(percent of 
tion (pe/liter) (pe/liter) concentra- 

(pe/liter) tion) 

lodine-131__.._._._| 0 to 100 +10 || 100 or greater | +10 
Barium-140_____...| 0 to 100 +10 || 100 or greater +10 
Cesium-137_______- 0 to 100 +10 100 or greater +10 
Strontium-89_ __.__ 0 to 50 + 5 50 or greater +10 
Strontium-90_ _ ___- 0 to 20 + 2 20 or greater +10 








® Two standard deviations (2¢). 


The minimum detectable concentration is de- 
fined as the measured concentration at which 
the two-standard-deviation analytical error is 
equal to the measurement. Accordingly, the 
minimum detectable concentrations in units of 
pe/liter are Sr**, 5; Sr®°, 2; Cs**7, 10; Ba'*°, 10; 
and I'*', 10. At these levels and below, the count- 
ing error comprises nearly all of the analytical 
error. 

Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method, while at NERHL and SWRHL an 
ethylenediaminetetraacetic acid (EDTA) meth- 
od is used. Stable potassium concentrations are 
estimated from the potassium-40 concentra- 
tions * determined from the gamma spectrum. 
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Data Presentation 


Table 2 presents summaries of the analyses 
for December (actual reporting period Novem- 
ber 29-December 26) and fourth quarter 1964. 
Radionuclide values reported by a laboratory 
as being below the minimum detectable concen- 
tration have been averagd by using one-half 
the minimum detectable value. The averaging 
procedure was modified for iodine-131 and 
barium-140 in October 1963 when nondetectable 
concentrations of these radionuclides were con- 
sidered zero. A similar procedure is used for 
the network average. 


Figures 1 and 2 are isogram maps showing 
the estimated strontium-90 and cesium-137 con- 
centrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that sta- 
tion. The isograms were developed by arbitrary 
interpolation between values for the individual 
stations. Additional modifications to the iso- 
grams are made according to available infor- 
mation on milksheds. 


In tables 3 and 4, the distribution of the net- 
work’s stations versus radionuclide concentra- 
tions in milk for the last 6 months are com- 
pared. 


For special purposes of comparison and 
reference, the Network maximum, minimum, 
and average monthly radionuclide concentra- 
tions for the early years of operation (March 
1960-March 1964) were summarized in tabu- 
lar form in the July 1964 RHD (2). 


The average monthly strontium-90 concen- 
trations in pasteurized milk from selected cities 
in the sampling program are presented in figure 
3. Each graph shows the strontium-90 concen- 
trations in milk from one city in each of the 
four U.S. Bureau of Census regions. This meth- 
od of selection permits graphic presentation of 
data for each city in the network three times a 
year. 





1 Southeastern Radiological Health Laboratory em- 
ploys a radiochemical procedure for barium-140 
analysis. 


2 The conversion factor is 1.18 x 10-3 g K/pe K*°. 
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TaBLE 2.—STABLE ELEMENT AND RADIONUCLIDE CONCENTRATIONS IN PASTEURIZED MILK, DECEM- 
BER 1964 AND FOURTH QUARTER 1964 
































Calcium Strontium-89 Strontium-90 Cesium-137 Todine-131 Barium-140 
(g/liter) (pe/liter) (pe/liter) (pe/liter) (pe/liter) (pe/liter) 
Sampling locations 
Fourth | Avg.for| Fourth | Avg.for| Fourth | Avg. for} Fourth | Avg.for| Fourth | Avg.for| Fourth | Avg. for 
quarter | month | quarter | mont quarter | month | quarter | month | quarter | month | quarter | month 

Ala: Montgomery -.-----.------ 1.20 1.24 <5 <5 19 20 60 55 0 0 0 0 
Alaska EE a i acuck jie ate othe 1.22 1.20 <5 <5 19 20 80 80 0 0 0 0 
Ariz: TR RES ESRSIRIEE e 1.19 1.18 <5 <5 4 4 25 30 0 0 0 0 
Ark: oy eae 1.17 1.18 <5 <5 33 32 60 60 0 10 0 0 
Calif SETI RES 1.26 1.28 <5 <5 5 4 25 30 0 0 0 0 

San Francisco. _......--- 1.22 1.24 <5 <5 8 8 30 30 0 0 0 0 
C.Z Ge duiesckdvedaasa 1.14 1.16 <5 <5 5 6 50 45 0 0 0 0 
Colo <5 ceabuch ceases 1.29 1.38 <5 <5 16 17 65 60 0 0 0 0 
Conn EEE 1.13 1.11 <5 <5 14 15 85 90 0 0 0 0 
Del: SET SS 1.17 1.15 <5 <5 16 17 70 70 0 0 0 0 
D.C LS ae 1.15 1.19 <5 <5 17 16 45 50 0 0 0 0 
Fla: Ss awn cide coundee 1.18 1.20 <5 <5 15 14 210 190 0 0 0 0 
Ga: a «naib emt 1.20 1,22 <5 <5 24 24 85 80 0 0 0 0 
Hawaii OS ee > 1.20 1.18 5 <5 13 9 70 75 0 0 0 0 
Idaho Rs ood cko neces 1.23 1.24 <5 <5 19 22 80 100 0 0 0 0 
Ill: | SES eee 1.16 1.14 <5 <5 16 17 75 80 0 0 0 0 
Ind: Indianapolis--_--.-.--.---- 1.20 1.19 <5 <5 15 15 60 70 0 0 0 0 
Iowa OR eae ever ato 1.22 1.19 <5 <5 21 21 55 65 0 0 0 0 
Kans . | | 2 eee 1.26 1.26 <5 <5 17 17 40 50 0 0 0 0 
Ky: St occhegnenacee 1.18 1.20 <5 <5 23 22 45 50 0 0 0 0 
La: New Orleans. -.-....------ 1.23 1,24 10 10 40 40 75 70 0 0 0 0 
aya 1.18 1.15 <5 <5 24 24 145 140 0 0 0 0 
Md: re ae 1.16 1.19 <5 <5 18 18 50 55 0 0 0 0 
Mass: irs 55. a\¢ nth ae bien 1.15 1.14 <5 <5 22 21 125 135 0 0 0 0 
Mich: EE til tithe nike bseeceie ott 1.17 1.14 <5 <5 15 14 75 75 10 0 0 0 

Grand Rapids------.---- 1.20 1.16 <5 <5 19 18. 85 85 0 0 0 0 
Minn Minneapolis. ---.....---- 1.24 1.24 5 <5 24 24 80 90 0 0 0 0 
Miss _ 32 Sa ESE 1.23 1.27 <5 5 32 32 60 50 0 0 0 0 
Mo: ) Se ee 1,22 1.22 <5 <5 21 20 40 45 0 0 0 0 

3 a ese 1.24 1.25 <5 <5 18 18 45 50 0 0 0 0 
Mont PE idivin teins cchub ee 1.25 1.23 <5 <5 16 17 85 90 0 0 0 0 
Nebr: 0 EE ene ee 1.19 1.21 <5 <5 17 15 45 50 0 0 0 0 
Nev: a SR aay 1.24 1.30 <5 <5 8 7 50 60 0 0 0 0 
N. H: Manchester --....-.----- 1.18 1.16 <5 <5 23 23 155 165 0 0 0 0 
N. J: c,h ee ee 1.12 1.11 <5 <5 15 14 70 80 0 0 0 0 
N. Mex: Albuquerque. --------.-- 1.3 1.22 <5 <5 9 9 45 50 0 0 0 0 
N. Y: | aaa 1.11 1.10 <5 <5 16 18 90 100 0 0 0 0 

= ee ae 1.15 1.10 <5 <5 19 18 95 105 0 0 0 0 

EES SE ee 1.12 1.13 <5 <5 15 15 90 100 0 0 0 0 
N. C: NS: « ccchemanwns ed 1.21 1.24 <5 <5 33 34 65 65 0 0 0 0 
eo oe le 1.19 1.16 <5 <5 38 40 110 130 0 0 0 0 
Ohio POE... Gcsecconed 1.19 1.18 <5 <5 17 17 60 65 0 0 0 0 

OS SS SS ae ee 1.17 1.12 <5 <5 18 18 75 85 0 0 0 0 
Okla Oklahoma City--_.-.---- 1.18 1.24 5 <5 18 19 45 45 0 0 0 0 
Ore: = - 1.29 1.29 <5 <5 22 22 90 100 0 0 0 0 
Pa Philadelphia. ----.-..--- 1.18 1.16 <5 <5 16 16 65 65 0 0 0 0 

ER A Sea 1.18 1.16 <5 <5 24 25 85 100 0 0 0 0 
=. me a ES eee 1.14 1.16 <5 <5 10 10 50 50 0 0 0 0 
R. I: SI ata wid Sigs ence 1.17 1.15 <5 <5 18 17 95 100 0 0 0 0 
8. C: SSIES: 1.17 1.20 <5 5 29 28 90 90 0 0 0 0 
RO ee OL. eae 1.03 1.02 <5 <5 27 22 115 130 0 0 0 0 
Tenn: Chattanooga... -...----- 1.20 1.22 5 5 31 30 65 60 0 0 0 0 

ae 1.20 1.24 <5 <5 25 24 45 50 0 0 0 0 
Tex PC tn. wnewcdnen Saeed 1.14 1.14 <5 <5 7 6 25 25 0 0 0 0 

it di, Micke ete areel 1.18 1.20 <5 <5 15 16 35 40 0 0 0 0 
Utah Salt Lake City.......... 1.34 1.28 <5 <5 18 21 90 110 0 0 0 0 
Vt: a OS an ee 1.16 1.12 <5 <5 20 19 105 115 10 0 0 0 
Va: IR EE 1.19 1.20 <5 <5 21 22 60 60 0 0 0 0 
Wash: Rs 6 cinht covicddobea 1.24 1.26 <5 <5 20 20 95 90 0 0 0 0 

| II OR ees 53- 1.30 1.30 <5 <5 22 23 95 110 0 0 0 0 
W. Va Ce nc cccncacsade 1.16 1,20 <5 <5 17 16 40 40 0 0 0 0 
Wis: eee 1.22 1.18 <5 <5 14 14 85 90 0 0 0 0 
Wyo acest nica chat Seto 1.22 1.22 <5 <5 15 15 70 75 0 0 0 0 
Network average.........-..------ 1.19 | 1.20 | <5 <5| 18.8| 18.7 | 73 77 0 0 0 0 
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Stations Not Shown 
Palmer,Alaska.. ______ 
Honolulu, Hawaii. _ _ ____ 9? 


Cristobal, Canal Zone 
e@Sampling Stations 





DECEMBER 1964 








Figure 1. STRONTIUM-90 CONCENTRATIONS IN PASTEURIZED MILK 
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FiGguRE 2. CESIUM-137 CONCENTRATIONS IN PASTEURIZED MILK 


TABLE 3.—RANGES OF STATION MONTHLY AVER- 
AGES FOR STRONTIUM-90, JULY-DECEMBER 1964 
AND DECEMBER 1963 


PaBLE 4.—RANGES OF STATION MONTHLY AVER- 
AGES FOR CESIUM-137, JULY-DECEMBER 1964 
AND DECEMBER 1963 
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Under 50 pc/1 16 
50-99 pe/l = 
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250-349 pce/l._..---. 
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Figure 3. STRONTIUM-90 IN PASTEURIZED MILK, 1961-DECEMBER 1964 


Summary of 1964 Network Results 


With the completion of December milk 
analyses, it is appropriate to present an annual 
summary of the concentrations of stable calcium 


and potassium, strontium-89, strontium-90, 
iodine-131, cesium-137, and barium-140 for 
1964. 

Stable calcium and potassium: The monthly 
average calcium concentrations varied around 
an annual average of 1.18 grams per liter, with 
a range of 1.16 to 1.21 grams per liter. Potas- 
sium monthly average concentrations exhibited 
little variation around the annual average of 
1.5 grams per liter. Individual monthly aver- 
ages and ranges are given in table 5. 
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Taste 5.—STABLE CALCIUM AND POTASSIUM IN 
PASTEURIZED MILK-1964 





Calcium (g/liter) Potassium (g/liter) 


Month 





Average Range Average 
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Strontium-89: Strontium-89 monthly average 
concentrations in milk were, in general, below 
the detectable level of 5 pc/liter. Concentrations 
greater than 10 pc/liter were reported only by 
States in the northwest. The highest monthly 
average of 30 pc/liter was observed during 
March 1964 at Minot, North Dakota. From 
March through May, monthly average stron- 
tium-89 concentrations from 10 to 20 pc/liter 
were observed in Minneapolis, Minn., Laramie, 
Wyo., Spokane, Wash, and Seattle, Wash. 
These values are of an order of magnitude less 
than the January 1962 peak value of 300 pc/ 
liter in Louisiana. 


Strontium-90: The monthly average strontium- 
90 concentrations in milk approached a maxi- 
mum during the spring and decreased in the 
fall to values less than those in January (figure 
4). Monthly average strontium-90 concentra- 
tions up to 69 pc/liter were reported in the 
lower Mississippi Valley. The North Dakota 
strontium-90 concentrations were also relatively 
higher than the network average (for example, 
77 pc/liter was observed in May). This trend in 
the Dakotas, the lower Mississippi Valley, and 
the southern Appalachian States was previously 
noted in 1962 (3). 
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FicurE 4. STRONTIUM-90 IN PASTEURIZED 
MILK, MONTHLY AVERAGES AND RANGES 
FOR 1964 


In 1964 most of the stations reported average 
monthly concentrations of strontium-90 in milk 
of less than 30 pc/liter (table 6). North Dakota 
had consistently high levels with a weekly 
maximum of 84 pc/liter. The lower Mississippi 
Valley also had consistently higher concentra- 
tions than the network average, including 
weekly highs of 71 pc/liter in Little Rock, 
Arkansas and New Orleans, Louisiana. The 
Southwest had consistently low strontium-90 
levels (<20 pc/liter). The Southeast and Great 
Plains States sporadically showed values of 
greater than 30 pc/liter. 
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Figure 5. STRONTIUM-90 CONCENTRATIONS IN PASTEURIZED MILK 
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Taste 6. STRONTIUM-90 IN PASTEURIZED MILK, 1964 (pe/liter) 











Sampling location 

















Sacramento. --........----- 
San Francisco 


Ga: CS ee 
Hawaii: Honolulu-__.-___- . 
Idaho:  * | “aaa: 
Ill: ERR SE gaa | 
Ind: Indianapolis. _.._........-- 


Des Moines. -............. e" 


Maine: 


Md: 
Mass: Boston - 
Mich: 
























Minn: Minneapolis... ......-----. 

Miss: 7 SUA ar ey 

Mo: OO eae ee 
St. Louis. -__- ; 
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Las Vegas_-_-_-_- aneietded ‘etal 
Miamenester................ 





| a are 
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Sa aeeea 
Okla: Oklahoma City....-...-...- 
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Pa: ES 
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9 >>. es deduce ouput 
S. Dak: | eer 
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41 30 36 29 29 26 28 24 25 24 24 31 
10 11 11 10 15 8 11 15 15 9 13 12 
30 33 34 30 26 18 25 14 21 22 19 26 
17 23 19 22 20 14 19 15 16 17 16 19 


54 44 53 40 38 33 37 33 30 32 32 40 
35 30 32 32 24 22 26 21 21 20 21 27 
30 28 28 29 17 16 21 17 18 18 18 22 


24 31 25 23 18 16 19 17 18 18 18 21 
29 26 27 20 18 18 19 17 18 19 18 22 
43 42 40 33 28 30 30 22 23 22 22 30 
28 26 25 21 17 16 18 15 16 16 16 20 


35| 34| 35] 27| 34] 31/1 31] 31/1 28] 28| 29 32 
52| 58| 48| 62] 40| 27! 43| 28| 32! 22] 27 39 
52| 46/ 51| 42| 40] 36] 39) 33| 31] 30| 31 40 
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Iodine-131: From January through October 
1964 the monthly average iodine-131 concen- 
trations in milk were below detectable limits 
(10 pe/liter) throughout the country. Follow- 
ing the Mainland China nuclear test of October 


16, 1964 an increase of iodine-131 in milk was 
observed at 29 stations from October 26 to 
November 23, 1964. The increase was of such a 
limited nature that only 12 stations exhibited 
monthly averages greater than the detection 





limit. The highest individual value was 60 pc/ 
liter as observed in Albuquerque, New_ Mexico 
on October 26, 1964. Iodine-131 was not ob- 
served at sampling stations in the South and 
Southeast. For those stations where increases 


















were observed, the individual sample results 
are shown in table 7. Since November 23, 1964, 
levels of iodine-131 in milk have remained be- 
low the detectable limit of 10 pc/liter. 


TaBLe 7.—OCCURRENCE OF IODINE-131 IN PASTURIZED MILK, 1964 


{Concentration in pc/liter] 
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® Less than detectable. 
NS—No sample collected. 






Cesium-137: The network monthly average 
cesium-137 concentrations were observed to 
decrease as the year passed (table 8). The 
monthly average values and ranges are shown 
in figure 6. The general trend indicates a de- 
crease in concentration progressing from 
north to south. Variation on this trend is ob- 
served in the southeast where Florida con- 
sistently exhibits higher values than its neigh- 
bors. This suggests the presence of a dairy 
food supply indigenous to that area as the 
source of cesium-137. Geographical variation 
in average annual cesium-137 concentrations 
is observed in figure 7. 

Most of the stations exhibited annual average 
concentrations of cesium-137 in milk of less 
than 150 pc/liter except for the northwest, 
northeast, and Florida. In general, levels were 
observed to decrease steadily throughout the 
year particularly in 1963. This is seen when 
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Figure 6. CESIUM-137 IN PASTEURIZED MILK, 
MONTHLY AVERAGES AND RANGES, 1964 
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TaBLeE 8.—CESIUM-137 IN PASTEURIZED MILK—1964, (pc/liter) 





Sampling location Feb Jun 





Wilmington 
Washington 


Atlanta 
Honolulu 
Idaho Falls 


Syracuse 
Charlotte 


Cincinnati 
Cleveland 
Oklahoma City 
Portland 
Philadelphia 
Pittsburgh 


Providence 
Charleston 
Rapid City 
Chattanooga 


Utah: Salt Lake City 
ve Burlington 
a: 


Wash: 
W. Va: 


Wis: 
Wyo: 











Network average 











Maximum 
Minimum 
























































comparing December 1963 and December 1964 137 concentrations in pasteurized milk reach 

mean concentrations, table 4. levels such that remedial actions are suggested 
At no time during 1964 did levels of stron- based upon health implications. 

tium-89, strontium-90, iodine-131, or cesium- 
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FicuRE 7. CESIUM-137 CONCENTRATIONS IN PASTEURIZED MILK 


2. Colorado Milk Network, 
October-December 1964 and 
Summary for 1962-1964 


Occupational and Radiological Health Division, 
Colorado State Department of Public Health 


The Radiological Health- Division of the 
Colorado State Department of Public Health 
initiated radiological analysis of milk in 
January 1962. Initially the Denver City and 


County Health Department collected a weekly 
composite milk sample from the major pro- 
ducers in the Denver area for the State, as it 
had for the Public Health Service since March 
1960. 


In August 1962, the State expanded its pro- 
gram to include the routine sampling of raw 
milk from the four major milk producing areas 
supplying the State: northeast, southeast, and 
west Colorado, and eastern Utah. The four 










































































FIGURE 8. COLORADO MILK SAMPLING AREAS 


Radiological Health Data 

































major Colorado milk sampling areas are shown 
in figure 8. Sampling frequencies vary from one 
to seventeen times per month in each active 
sampling area. Sampling in western and south- 
eastern Colorado was discontinued from Sep- Do Pee 
tember 1963 to June 1964. | eae | 


(Raw Milk) 
Analytical Methods vas | 


The samples are analyzed for gamma emitting ee \. Liat | Rise: { 
radionuclides at the State’s low level counting 3). WESTERN 
facility. The analytical procedure utilizes an (Row Milk) 
8-foot cube steel shield having 5-inch steel 
walls, lined with \-inch of lead. A 2-quart 
milk sample is gamma scanned in a stainless 
steel container, utilizing a 3 x 5-inch thallium- = on 4 
activated sodium iodide crystal detector and s00f- 4 
a 512-channel pulse height analyzer. The sys- ecol- \ 
tem is calibrated for the calculation of iodine- 

131, barium-140, cesium-137, and potassium-40 

by a matrix method. The minimum detectable a q 
amount of the first three radionuclides is 20 ay V\/ ! 
pce/liter at the 95 percent confidence level (+ a 
1.96 standard deviations). 
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Results and Discussion 





Table 9 gives the potassium, iodine-131, and 
cesium-137 in milk samples collected from 
October 1964 through December 1964 and a 
summary of the results for 1962 to 1964. These FicurE 9. RADIONUCLIDE CONCENTRATIONS IN 


data are presented graphically by area and COLORADO MILK, 1962-1964 
month in figure 9. 











TaBLE 9.—RADIONUCLIDES IN COLORADO MILK, OCTOBER 1964—DECEMBER 1964, AND SUMMARY * 


{Radionuclide concentrations in pce/liter] 





Raw milk Pasteurized milk 





Northeast Southeast Eastern Utah 









Denver 





K (g/l) j131 Cg137 K (g/l) [131 Cg137 K (g/1) [131 Cg137 K (g/1) [131 Cg137 K (g/l) ji Cg!37 






















BGGe Anuwnl Aveenss..............0s.-< 
1963 Annual Average. -_-....__-. naeiaa 
1964 Quarterly Averages: 


i Pee eee 1.28 | <20 100 NS NS NS NS NS NS | 1.33 | <20 193 | 1.32 | <20 97 
——, PR ar Re Se 1.33 | <20 83 NS NS NS NS NS NS | 1.46 | <20 206 : .46 | <20 109 
da nica inte ipiirece ae hie mee : 1 





















































NS indicates no sample collected. 
® Correction for previous Colorado data: In the October 1964 issue of RHD, the “‘K*‘°”’ column in table 4 should have been labeled “K’"’. 
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In all areas the iodine-131 concentrations are __ testing. However, a decrease is seen in 1964 
seen to decrease below detectable levelS in late § which can be expected to continue with the dis- 
1962. Network averages and ranges of cesium- continuation of atmospheric nuclear testing. 

137 concentrations in milk are presented in 
table 10. These results, presented graphically 
in figure 10, show an increase in 1963 cesium- 
137 concentrations over those of 1962, reflect- 
ing late 1961 and 1962 atmospheric nuclear 


Previous Coverage in Radiological Health Data: 


Period Issue 


January 1962—June 1964 October 1964 
July-September 1964 February 1965 














TABLE 10.—CESIUM-137 IN COLORADO MILK-MONTHLY AVERAGES 1962-1964 


{Concentrations in pc/liter] 









1962 1964 





1963 











Average Range Average Range 





Average Range 












I ctw ak sx dns a ccaeneins cues 22 | ® <20-28(2) 61 36-100 (4) 98 94-133 (3) 
Se ES EO ree eee 20 40 (1) 60 30-73 (5) 115 97-211 (3) 
EE SRS Ee ees bere 27 27 (1) 74 <20-150 (5) 117 100-236 (3) 















Bede kta daw eueuntnexe 34-167 (5) 84-108 (3) 
a aos a oe btatigng wainemian. amend 28 28 (1) 66 46-122 (5) 91 70-186 (3) 
i ec da pen ees Os Soe 67-129 (5) 120 96-226 (3) 









acs alain onc cb ahi Aas deat ee gL v 90-326 (5) 75-123 (3) 
EP ae one ee Aen ge 96 70-117 (3) 115 100-130 (4) 94 68-121 (4) 
a epee ae: 65 22-84 (5) NS 72 20-104 (4) 


MusweSKlsseeseeeus Rama 41-143 (5) 79-239 (3) 51-94 (5) 
November. - - - --- Soro tataae eee 52 48-60 (5) 121 107-135(2) 82 57-163 (5) 
i , EEE EELS 53 44-89 (5) NS 62 25-137 (5) 
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*® Numbers in parentheses indicate number of samples. 
NS indicates no sample. 
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Figure 10. MONTHLY AVERAGE CESIUM-137 CONCENTRATIONS 
IN COLORADO MILK 
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3. New York Milk Network 
July—September 1964 


Division of Environmental Health Services, 
State of New York Department of Health 


Pasteurized milk samples collected routinely 
from six cities—Albany, Buffalo, Massena, 
Newburgh, New York City, and Syracuse (fig- 
ure 11)—are analyzed for their radionuclide 
content by the State of New York Department 
of Health. The samples are collected daily and 
composited weekly for the determination of 
strontium-89, strontium-90, iodine-131, and 
barium-lanthanum-140 at all stations except 
Massena, where samples are composited bi- 
weekly, and at New York City, where one daily 
milk sample representing the total milk supply 
for that day is obtained and analyzed once per 
week. Samples are obtained from processing 
plants except at Albany, where the daily sample 
is obtained from a marketing point. During 
periods when cows are not on stored feed, the 
sample from Albany is analyzed daily for 
iodine-131. In the event that any city reports 
iodine-131 concentrations exceeding 100 pc/ 
liter, increased surveillance is undertaken. 


Analytical Procedures 


Gamma-emitting radionuclide concentra- 
tions in milk are determined by scintillation 
spectrometry and the application of a matrix 
method of analysis (4) to the resultant spectral 
data. This method is based upon the solution 
of simultaneous equations describing the in- 
dividual spectral contributions of gamma emit- 
ting radionuclides to the total spectrum. 
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FIGURE 11. NEW YORK SAMPLING LOCATIONS 


The analytical procedure for determining 
strontium-89 and strontium-90 concentrations 
employs an ion-exchange system. The collected 
cations (including radiostrontium), are eluted 
from the ion exchange resin with sodium 
chloride solution. The strontium isotopes are 
then gathered by means of sodium carbonate 
and isolated with ethylenediaminetetraacetic 
acid (EDTA). The radiostrontium is deter- 
mined with a low background beta counter hav- 
ing an 0.8 mg/cm? window. The strontium-90 
is determined differentially from the 40-hour 
ingrowth of its daughter product yttrium-90. 


Results 


The monthly average radionuclide concentra- 
tions of strontium-89, strontium-90, and 
cesium-137 are shown in table 11 for July 1964 
to September 1964. The cesium-137 and iodine- 
131 concentrations since September 1961 are 
presented graphically in figure 12. 


TaBLE 11.—RADIONUCLIDE AVERAGE CONCENTRATIONS IN NEW YORK MILK * 


(Concentrations in pc/liter] 





Sampling location 





ON REE UTA RES SEED 5 S55 Se USES 
4 (Oo a ieee ee 
Syracuse 


(Eee eee ee re 


Strontium-89 


Strontium-90 Cesium-137 
































®* Monthly I'*' and Ba-La'" (in equilibrium) levels at each station less than the minimum detectable concen- 


tration of 20 pe/I. 
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Ba-La'’ refers to the combined concentration of these radionuclides at equilibrium. 
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FIGURE 12. CESIUM-137 AND IODINE-131 IN NEW 
YORK MILK, JULY 1961-SEPTEMBER 1964 






4. Canadian Milk Network* 
December 1964 








Radiation Protection Division, Department of 
National Health and Welfare, Ottawa, Canada 


The Radiation Protection Division of the 
Department of National Health and Welfare 
began monitoring milk for strontium-90 in 
November 1955. At first, analyses were carried 
out on samples of powdered milk obtained from 
processing plants. However, since January 1963 
liquid whole milk has been analyzed instead. 
With this change, more representative samples 
of milk consumed can be obtained, and milk 
sampling locations (see figure 13) can be 
chosen in the same areas as the air and pre- 
cipitation stations. At present the analyses in- 
clude determinations of iodine-131, strontium- 
89, cesium-137, and strontium-90 as well as 
stable potassium and calcium. 

The milk samples are obtained through the 
cooperation of the Marketing Division of the 
Canadian Department of Agriculture. At each 
station samples are collected three times a week 
from selected dairies, combined into weekly 
composites, and forwarded to the radiochemical 
laboratory in Ottawa. The contribution of each 
dairy to the composite sample is directly pro- 
portional to its volume of sales. In most cases a 
complete sample represents over 80 percent of 
the milk processed and distributed in the area. 
Several of the weekly samples are randomly 
selected and analyzed for iodine-131. The re- 
sults of the spot checks for iodine-131 will not 
be reported unless there is evidence that the 
levels are rising. A monthly composite of the 
samples is analyzed for strontium-90, cesium- 
137, stable potassium and calcium. 


Analytical Methods 


Radiochemical methods are used for the 
analysis of iodine-131 (5). For the analysis of 
radiostrontium, carrier strontium is added to a 
one-liter sample of milk. The milk is then placed 
in a tray lined with a polyethylene sheet and 
evaporated under infra-red lamps. The residue 
is ashed in a muffle furnace at 450 degrees C. 
and dissolved in dilute nitric acid. Strontium is 
separated by fuming nitric acid precipitation. 






























3 Data from Radiation Protection Programs, Vol. 3, 
No. 1: 48-49, Radiation Protection Division, Canadian 


me of National Health and Welfare (Jan. 
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FicurE 13. CANADIAN MILK SAMPLING STATIONS 


The combined strontium-89 and strontium-90 
are determined by counting in a low background 
beta counter. Strontium-90 is determined 
separately by extracting and counting its 
yttrium-90 daughter, while strontium-89 is 
estimated by difference from the total radio- 
strontium measurement. Appropriate correc- 
tions are made for self-absorption and counter 
efficiency at all stages. Calcium is determined 
by flame photometry. 

Cesium-137 is determined by gamma spectro- 
scopy using a scintillation crystal and a multi- 
channel pulse height analyzer. A sample con- 
sisting of 4.5 liters of milk is placed in a sample 
tray constructed in the form of an inverted well 
to accommodate the 5 x 4-inch sodium iodide 
crystal detector. The sample is counted for 100 
minutes and the gamma spectrum recorded. 
Estimates are made of the potassium-40 and 
cesium-137 content of the milk by comparison 
of the spectrum with the spectra of standard 
preparations of these two radionuclides. With 
this method the potassium-40 concentration is 
determined and the Compton contribution of 
this radionuclide to the cesium-137 photopeak 
is subtracted to obtain the cesium-137 concen- 
tration. The stable potassium content is esti- 
mated from the potassium-40 concentration. 


Sources of Error 


In the iodine and strontium determinations, 
tests indicate that the statistical error (95 
percent confidence level) in the chemical oper- 
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ations involved is about plus-or-minus 10 per- 
cent. This value is independent of the concen- 
tration of the radioisotope in the milk because 
it depends only on the recovery of the carrier. 
In the determination of cesium-137 this factor 
is not involved. 

The chemical procedures error must be com- 
bined with the counting error, which depends 
primarily on the concentration of the nuclide 
in the sample, the background radiation, and 
the length of time the sample and background 
are counted. This counting error has been eval- 
uated mathematically for the particular count- 
ing arrangement used. 

The overall errors, estimated on the basis 
indicated above, are given in table 12. 


TaBLeE 12.—TOTAL ERROR FOR VARIOUS 
RADIONUCLIDE CONCENTRATIONS IN MILK * 





Nuclide Error for 10 | Error for 50 | Error for 100 


pe/liter pe/liter pe/liter 





| eee 
Strontium-90 
Iodine-131 


+50% 
+15% 
+25% 
+60% 


+20% 
+10% 
+20% 
+25% 














® All errors are 2¢ values, representing 95 percent confidence levels. 


Results 


Table 13 presents monthly averages of stron- 
tium-90, cesium-137, and stable calcium and 
potassium in Canadian whole milk. Spot checks 
for iodine-131 and strontium-89 indicate that 
all samples had < 5 pc/liter. 














Taste 13.—RADIONUCLIDES IN CANADIAN 
WHOLE MILK, DECEMBER 1964 


{Radionuclide concentrations in pe/liter] - 





! 
| Calcium 





| | Potassium \Strontium-| < e 
Station (g/liter) | (g/liter) 90 LS 
RD eee & MOCKS OS aK «Ey 
AES BE Dares 5 1.17 | 1.6| 23.3 | 111 
ON ee ee oe 1.15 | 1.6 | 25.8 126 
UU" ee eee S 1.11 1.6 38.8 197 
Fredericton- -—- ----- ae | 3 hue | 37.5 204 
ENR et eth eek 7 | 6 | 36.1 | 242 
Se eee ae © | 3 | 7 27.3 155 
Native ccsd cack | 5 | 7| 21.8 | 123 
Quebec a 1 | 6 41.8 | 257 
Regina foot #1 3 | 6! 31.1 125 
St. John’s, Nild_____- ‘ 3 5 | 34.4 | 200 
Saskatoon - aos +) 6 30.6 | 110 
Sault Ste. Marie. 3 7 35.9 | 193 
EE Rae 5 3 | 7 14.3 | 87 
Vancouver.._.....--- | 7 | 6 40.3 282 
ee | 3 6 13.6 78 
Winnipeg...-..-.-. | 3 | 6 30.7 | 159 
(Nga ae tipaanamn ted | 1.6| 30.2! 166 









Network average concentrations of stable 


calcium and potassium, strontium-90, and 
cesium-137 for 1963 and 1964 are given in table 
14. 

Cesium-137 levels in Canadian milk in- 
creased in the fall of 1963, but decreased in 
the spring of 1964 (figure 14). Strontium-89 
and iodine-131 were below detectable levels 
during 1964, except for the period from October 
19 to November 13, 1964. Iodine-131 results are 
shown in table 15. 

After the Chinese nuclear test explosion on 
October 16, 1964, arrangements were made to 
initiate an extensive measurement program of 
iodine-131 in fluid milk, should this become 
necessary. In the meantime, as a precautionary 







TaBLE 14.—AVERAGE MONTHLY CONCENTRATIONS OF RADIONUCLIDES 
IN CANADIAN MILK, 1963-1964 





measure, weekly composite milk samples were 
checked for iodine-131. The concentrations ob- 
served were much lower than those reported 
following the resumption of nuclear tests in 
September 1961. By the end of October they 
had returned to the low level that existed prior 
to the Chinese test and extensive measurement 
was not initiated. The strontium-89 concentra- 
tions were observed to remain below detectable 
levels. 

The results show that radionuclide concen- 
trations in Canadian whole milk remained well 
below the levels permissible on health grounds. 


Tasie 15.—LODINE-131 IN CANADIAN WHOLE MILK 


(Concentrations in pc/liter] 





| Time intervals | 
| 


























ee, See Pe Ora ee eee 
| age 

Station 10/19/64- |10/26/64-, 11/2/64- | 11/9/64- |11/16/64- 

, 10/23/64 | 10/30/64 | 11/6/64 | 11/13/64 | 11/20/64 
| 

Calgary --- -- 0 | 47 38 8 N.S. 16 
Edmonton- -- 8 34 17 7. | a 17 
Ft. William_- 0 58 11 S i me 19 
Fredericton. 2/)*NS. 4 0 N.S. 2 
Halifax _ __ _- 2 5 9 3 N.S. 5 
Montreal 0 2 9 5 N.S. 11 
Ottawa___-- 4 67(2) 8(3) 3(3) 0(2) 5 
Quebec 6 2 5 N.S. ll 
Regina_ -- - - 0 8 6 1 N.S. 4 
St. John’s. -_- 3 16 6 6 N.S. 8 
Saskatoon-_-_ 0 16 11 1] N.S. 10 
Sault Ste. 

Marie- - - - 2 27 8 2 N.S. 10 
Toronto--_-. 2 27 33 12 N.S. 19 
Vancouver _ - 2 4 4 2 N.S. 3 
Windsor - - -_ 0 47 32 11 N.S. 23 
Winnipeg - - - 0 79 23 9 N.S. 28 
Average --__-- 2 | 26 13 5 0 11 





® N.S. indicates no sample collected. 
>» Parentheses indicate number of samples. 














1963 1964 
Month 
Ca K Sr-90 Cs-137 Ca K Sr-90 Cs-137 
(g/liter) (g/liter) | (pe/liter) | (pe/liter) | (g/liter) (g/liter) | (pe/liter) | (pe/liter) 

NE ee occas 1.10 aNA 19.2 3 1.27 1.6 43.1 254 
February __---.---- 1.25 NA 19.1 63 1.31 1.6 41.3 250 
eich scienee 1.16 NA 18.7 53 1.36 1.6 40.6 251 
Sa ee 1.23 NA 17.5 80 1.38 1.6 41.5 246 
NN ie intake tated 1.13 NA 24.5 112 1.40 1.6 46.4 245 
Se eY 1.31 NA 45.2 187 1.40 1.6 42.5 227 
icine a ten dues ee 1.31 NA 46.4 239 1.11 1.6 37.9 209 
OS Se ee 1.36 NA 52.7 260 1.10 1.6 32.5 175 
September - - - - - -- 1.31 1.5 52.3 232 1.15 1.6 31.8 147 
ee 1.29 1.5 45.0 203 1.15 1.6 33.7 141 
November. - - -_-- 1.25 1.4 42.3 230 1.16 1.6 33.1 143 
December-----_--_- 1.25 1.6 40.5 245 





























® NA indicates no analysis. 
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FiguRE 14. NETWORK AVERAGE STRONTUM-89, STRONTIUM-90 AND 
CESIUM-137 CONCENTRATIONS IN CANADIAN WHOLE MILK 


REFERENCES 


(1) PUBLIC HEALTH SERVICE. Summary of re- 
sults from the raw milk sampling program, June 
1957-April 1963. Rad Health Data 4: 511-23 (Octo- 
ber 1963). 

(2) PUBLIC HEALTH SERVICE. Milk surveillance, 
Pasteurized Milk Network, March 1964. Rad Health 
Data 5: 309-17 (July 1964). 

(3) Geographical Variation in Radionuclide Content 
of Milk (1962). Rad Health Data 5: 185-187 (April 
1963). 


(4) KAHN, B. et al. Rapid methods for estimating 
fission product concentrations in milk. Public Health 
Service Publication No. 999-R-2 (March 1963). 
Single copies available on request from Public In- 
quiries Branch, PHS, U. S. Department of Health, 
Education, and Welfare, Washington, D.C. 20201. 


(5) DASGUPTA, A. K. and H. G. GREEN. A method 
for the radiochemical determination of iodine—131 
in milk. RPD-23, Radiation Protection Division, De- 
partment of National Health and Welfare, Ottawa, 
Canada (October 1963). 


APPLICATION OF RADIONUCLIDE CONCENTRATIONS IN MILK TO 
DOSE ASSESSMENT, JANUARY-DECEMBER 1964 


Division of Radiological Health, Public Health 
Service 


The concentrations of specific radionuclides 
in milk analyzed as part of the Pasteurized Milk 
Network (PMN) are reported on a monthly 
basis in RHD. In terms of radiological health 
surveillance activities, an important aspect of 
these data is the estimation of resultant radia- 
tion dose to population groups. 


Approximate relationships between certain 
radionuclide intakes and dose have been applied 
to the formulation of daily intake guides (1) 
and permissible concentrations in selected en- 
vironmental media (2). Although these guides 
are not themselves directly applicable to world- 
wide fallout, a comparison with environmental 
contamination levels does yield a measure of 
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population dosage. In general, intake-dose and 
dose-biological effect relationships used in for- 
mulating the guides cited are based on continu- 
ous intake over an entire lifetime. However, for 
general surveillance purposes, yearly average 
intakes, used with discretion, may be compared 
directly with the levels adopted as lifetime 
intake guides. Thus, the radionuclide concentra- 
tions in milk, averaged over a year’s time, to- 
gether with milk consumption data, might be 
used in conjunction with the references cited 
above to approximate the radiation dose to a 
specific population group from a specific radio- 
nuclide. Table 1 presents annual averages of 
radionuclide concentrations in milk sampled by 
the PMN. Limited data are available for esti- 
mating the average daily milk consumption (on 
a volume basis) for specific age groups in the 
U.S. population (3,4). 





Taste 1.— AVERAGE RADIONUCLIDE CONCENTRATIONS IN MILK, FOR THE TWELVE ators PERIODS,* 
DECEMBER 1963-NOVEMBER 1964 AND JANUARY-DECEMBER 1964. 


(Concentrations in pc/liter] 





Sampling locations 


Strontium-89 





Dec 1963- 
Nov 1964 


Jan 1964- 
Dec 1964 


Strontium-90 


Iodine-131 


Cesium-137 





Dee 1963- 
Nov 1964 


Jan 1964- 
Dec 1964 





Maine: 
Md: 
Mass: 
Mich: 
Minn: 
Miss: 


Seer 


Tex: 


Utah: 
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Hartford 
Wilmington 
Washington 


Grand Rapids 
Minneapolis 


Las Vegas 
Manchester 


Philadelphia. 
Pittsburgh 

San Juan 
Providence 
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Rapid City-- 
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Memphis. . 
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Dec 1963- 
Nov 1964 


Jan 1964- 
Dec 1964 


Dec 1963- 


Jan 1964- 
Dec 1964 
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C}|corcoo owoes cococec]eco cecesco SF Oorrrr COncoo Orwoo rococo roooo cocorooo oorcoeo 











* Annual averages were computed on basis of 52 weekly averages. 


Annual averages for barium-140 were all <10. 


» Annual averages were computed on basis of 48 weekly averages for this station only as no samples were collected during July 1964. 
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Total dietary intake is of prime interest, and 
since the intake via milk consumption consti- 
tutes only a portion of the total radionuclide 
intake, the relationship of milk intake to total 
dietary intake is of importance in evaluating 
milk surveillance data. The Federal Radiation 
Council (5) notes: “A number of studies have 
shown that conservative estimates of the stron- 
tium-90 to calcium ratio in the total diet may 
be made by multiplying the ratio of strontium- 
90 to calcium in milk in a particular locality by 
1.5.” ' Thus, a rough index of the total dietary 
intake of strontium-90 on an annual basis may 
be made from PMN annual averages by using 
this factor and the assumption of approximately 
1.2 g of calcium per liter in PMN samples and 
1.0 g daily intake of calcium. 

In the case of iodine-131, milk can be con- 
sidered the major source because of the rapid 
distribution and consumption of fresh milk. 
With most other foods, normal processing and 
distribution allows time for this short-lived 
nuclide to decay to insignificant levels. 

The situation with respect to strontium-89 
is more complicated. Its half-life of some 50 
days makes it difficult to estimate the relative 
contribution made by sources other than milk 
to the total dietary intake. 

The relative contribution of milk to the total 
dietary intake of cesium-137 is not well defined 
and depends principally on the amount of 
freshly deposited cesium-137 on products used 
for human and animal consumption, and the 
progress of cesium-137 through the food chain. 

The data in table 1 are calculated as follows: 
results from all samples collected in each week 
(Sunday through Saturday) are averaged, and 
the averages for all weeks terminating in each 
of twelve consecutive months are averaged to 









1This ratio may vary from 1 to 2, depending on 
changes in rate of fallout deposition and relative con- 
sumption of non-milk products, whose contamination 
reflects temporal and local distribution patterns (6). 
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obtain the annual average. * To obtain the an- 
nual average daily intake (pc/day) of radio- 
nuclides from milk, the annual average concen- 
tration values (pc/liter) in table 1 must be 
multiplied by the annual average daily con- 
sumption (liters/day) of milk. 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as meteorologic condi- 
tions and dairying practices, apart from con- 
siderations of original sources of radionuclides. 
The moving yearly average (table 1) obtained 
by updating the previous twelve-month average 
by one month, shows variations averaged over 


the year and tends to minimize purely seasonal 
variations. 
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values of <10 pc/liter are considered to be zero for 
averaging purposes; previously, 5 pc/liter was used 
for calculating the averages. 















E. J. Baratta,' M. A. Wall,* and H. Mazer 


Introduction 


The Public Health Service Pasteurized Milk 
Network, (PMN) established in 1960, monitors 
the radionuclide content of fluid milk consumed 
in 63 cities in the United States. Sampling pro- 
cedures were designed to include a sufficient 
number of distributors to assure that the 
samples collected were representative of the 
milk being consumed. At most stations the 
actual sample represents from 80 to 100 per- 
cent of the milk processed in the area (1) and, 
ideally, the sample is composited by drawing 
from each of the distributors a volume propor- 
tional to its share of the market. 

The purpose of this study was to compare 
the radionuclide content of milk from each of 
the six major distributors, who supply a total 
of 99 percent of the fluid milk consumed in the 
city of Boston, with that of the local sample 
collected for the Pasteurized Milk Network. 
Such a comparison would indicate whether the 
reported PMN average radionuclide content 
was representative of the milk consumed by an 
individual customer of any one of the six major 
distributors. 

Three of the six companies supply about 82 
percent of the milk consumed in Boston. All six 
distributors are served by dairy farms in 
Maine, New Hampshire, Vermont, Massa- 
chusetts, and New York. As would be expected, 
there is considerable overlap of their respec- 
tive milksheds. 





'Mr. Baratta is Director, Analytical Services Pro- 
gram, Northeastern Radiological Health Laboratory, 
109 Holton Street, Winchester, Massachusetts. 

*Mrs. Wall is Statistician, Analytical Services Pro- 
gram, Northeastern Radiological Health Laboratory, 
109 Holton Street, Winchester, Massachusetts. 

* Dr. Mazer is Chief, Bureau of Milk and Chemistry, 
Boston City Health Department, Boston, Massachusetts. 
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COMPARISON OF RADIONUCLIDE CONCENTRATIONS IN MILK FROM 
DISTRIBUTORS SERVING THE CITY OF BOSTON 


The best sampling procedure would be one 
that obtained an “ideal’’ sample, composited 
from samples from the six distributors, 
weighted according to their respective outputs. 
When this study was initiated, the Network 
station sample consisted of equal parts from the 
three dealers selling 82 percent of the milk, on 
the assumption that each sold about 27 percent 
of the total volume. Since this was not the 
actual situation, an auxiliary purpose of this 
study was to investigate the validity of the 
sampling procedure, in order to determine 
whether the radionuclide content in the Net- 


work sample approximated that of an ideal 
sample. 


Data Collection and Presentation 


The study was conducted from January to 
December 1963 and weekly samples were col- 
lected from each of the six companies. To re- 
duce the analytical work-load, four consecutive 
weekly samples from each distributor were 
composited and analyzed for strontium-90, 
cesium-137, and strontium-89, the three fallout 
nuclides present in detectable amounts at the 
time of the study. 


The results of the strontium-90 determina- 
tions in all samples are shown in table 1. By 


‘using the data for the three largest companies, 


a calculated weighted average (proportional to 
the milk volume as distributed) and an un- 
weighted calculated average were obtained. 
Calculated weighted averages for all siz dis- 
tributors also appear in the table. Similar data 
for cesium-137 and strontium-89 are shown in 
tables 2 and 3, respectively. 
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TaBLeE 1.—STRONTIUM-90 IN BOSTON MILK, BY DISTRIBUTOR—1963 


{Concentrations in pe/liter] 
































































Distributor Network Calculated average of Calculated 

station three largest distributors average of 

Sampling period ee ee eee aCe a Pee eee E Pee Be) i ia ek ah oe Ree ee six major 

| | average distributors 

A | B | Cc. | a E | Fr Unweighted Weighted (Weighted) 

dam ae eee ee a eee STE! eek me. Se re 

tN Nk ae ide a wi weds 13.6 15.9 | 25.7 | 13.5 | 21.6 | 23.7 18.2 18.4 17.7 18.1 
I re es a 15.6 18.4 19.9 | 21.4 | 10.8 12.3 15.1 18.0 17.5 17.0 
EE in cxeccedbas docs chek 20.7 22.2 17.9 | 13.9 14.9 19.5 23.8 20.3 20.2 19.4 
OS TEE 11.3 15.1 10.4 | 24.2 14.6 14.9 22.1 12.3 11.9 12.9 
RS RSE SS tat 4. 17.4 19.6 18.4 | 15.2 | 18.6 | 23.0 17.1 18.5 18.2 18.3 
S/an-@y/ ai. ..... 41.0 43.6 | 51.6 35.3 | 41.6 | 49.3 37.8 45.5 44.8 44.3 
a OEE. LEK. 35.6 45.2 54.7 | 44.0 39.3 35.7 } 50.7 45.2 43.4 42.8 
iy | SPs <a A 46.6 50.3 | 45.7 | 34.5 | 40.2 46.3 | 52.0 47.5 47.1 45.9 
8/13-9/3._ . | 41.5] 50.7| 46.5 | 39:5] 39.0] 49.0) 43.6 46.2 45.0 44.6 
9/10-10/1_- | 35.1 45.0 | 38.2 | 35.0 | 31.0 43.2 38.5 39.4 38.2 37.9 
10/8-10/29 __ 35.4 41.6 36.5 | 45.2 34.6 58.7 | 35.8 37.8 37.1 38.7 
Lf |, 2 P 31.8 38.9 | 35.8 | 38.2 | 29.2 41.6 | 37.3 35.5 34.6 34.9 
i. ee 30.6 | 42.0 | 39.0 | 42.0 30.0 48.5 | 34.8 | 37.2 33.9 36.5 
WS oa ad | 28.9 | 34.5 | 33.9 | 30.9 | 28.1 | 35.8 | 32.8 | 32.4 31.6 31.6 









[Concentrations in pe/liter] 


.—CESIUM-137 IN BOSTON MILK; BY DISTRIBUTOR—1963 
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2 82 
‘8 96 
.0| 87 
6 98 
‘8 | 205 
5 | 204 
‘5 | 370 
‘8 | 449 
‘7 | 312 
6 | 277 
‘7 | 263 
6 | 305 
1 | 237 


Network 

station 

ee ee eee sample 
average 

AVAILA|BLE 100.7 
107.6 84.1 | 125.9 88.8 
64.0 74.2 | 115.5 97.4 
67.0 74.7| 115.7 89.2 

| 81.7] 105.6 88.4 99.4 
151.8 | 189.6 | 194.8 197.8 
231.8 | 289.0 | 233.6 298.8 
244.3 | 315.9 | 355.2 | 361.4 
263.0 | 315.1 | 392.9 391.9 
223.7 | 226.3 | 339.6 269.8 
239.6 | 317.3 | 216.2 236.1 
216.2 | 233.0! 268.8 258.9 
259.2 | 246.2 | 353.9 | 263.2 
233.4 | 211.8 


_ 




















179.2 | 205.9 





Calculated average of 


three largest distributors 








Calculated 


average of 
six major 
distributors 


(Weighted) 











(Concentrations in pc/liter] 


3.—STRONTIUM-89 IN BOSTON MILK, BY DISTRIBUTOR—1963 
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sample 
average 
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| Distributor 
| 
Sampling period x Re a I TE Se 
l 

| A | B | Cc D I F 
CES ee a ee eae | 9.6 4.3 15.2 5.4 4.7 4.2 
Ti REG apa eahased 2.5 0.7 0.0 0.0 1.6 7.1 
SE SCHMERRTS apr 0.0 0.3 0.1 2.3 4.5 5.5 
Rap Sean paar | 4.4 1.0 6.8 0.0 6.5 6.0 
4/23-5/14_____- 6.9 34.4 9.0 16.2 12.2 2.6 
5/21-6/11_____- . | §2.3 69.5 47.2 45.1 41.9 | 32.6 
6/08-7/0..i.<.«-.--. ; 68.1 77.7 | 101.3 | 70.8 79.5 | 62.1 
T/ee-O/8.......... e -| 80.1 81.8 91.9 | 68.3 69.4 80.3 
I re 75.8| 65.5 | 63.0 63.6 49.8 59.8 
ae -| 31.3] 35.0] 31.0 32.9| 26.1 49.8 
10/8-10/29.____- | 44.7] 13.2 14.2 11.4 | 34.6] 58.7 
oe Bt ere eee 9.8 | 7.7| 13.2 15.2} 10.5 3.0 
19/3-18/48........ | 6.2 | 2.2 | 3.0 0.0 | 6.6 | 5.2 
ee eae ae 1 | 30.3 | 30.5 29.0 
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The individual analytical results for stron- 
tium-90 in fluid milk from each of the six dis- 
tributors are plotted in figure 1. Similar cesium- 
137 and strontium-89 data are shown in figures 
3 and 5. Comparisons of the strontium-90 con- 
tent of the Network sample with the calculated 
averages for the three major companies, both 
weighted and unweighted, and with the calcu- 
lated weighted average for all six companies 
are presented in figure 2. Similar comparisons 
for cesium-137 and strontium-89 are shown in 
figures 4 and 6. 
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STRONTIUM-90 CONCENTRATIONS (pc liter) 
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FIGURE 1. CONCENTRATIONS OF STRONTIUM-90 
IN MILK FROM INDIVIDUAL DISTRIBUTORS 


Discussion of Results 


On the basis of the data presented, it is 
apparent (figures 1, 3, and 5) that the general 
month-by-month trend of radionuclide levels for 
milk from all six distributors was similar. For 
all companies there was a distinct rise in the 
concentrations of strontium-90, cesium-137, and 
strontium-89 about the first of May. A decline 
in strontium-89 levels began in late July or early 
August, while the cesium-137 decline began 
about one month later. The strontium-90 con- 
centrations observed in the summer remained 
at roughly the same levels throughout the rest 
of the year. A rise in the strontium-89 and 
strontiuin-90 concentrations during the month 
of October was observed in milk from several 
of the distributors. Although the reason for this 
is not clear, it may be that the cows were able 
to graze on open pasture during this time due 
to mild weather. 
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FicurE 2. COMPARISON OF STRONTIUM-90 CON- 
CENTRATIONS IN MILK FROM INDIVIDUAL 
DISTRIBUTORS WITH THOSE OF THE NET- 
WORK STATION SAMPLE 
















The most valid comparison of the data is on 
the basis of yearly averages. This minimizes 
seasonal variation and reduces the effect of 
analytical errors. This is also in accordance 
with the recommendations of the Federal 
Radiation Council (2). The highest yearly aver- 
age for the strontium-90 content in milk from 
any single dealer (tables 1, 2, and 3) was 35.8 
pe/l (Distributor F), only 9 percent above the 
average for the Network station sample. The 
lowest yearly average (Distributor E) was only 
15 percent below the average for the Network 
station sample. For cesium-137 the extremes 
were 11 percent above (Distributor B) and 15 
percent below (Distributor D) the Network 
station sample. The strontium-89 extremes were 
18 percent above and 3 percent below for Dis- 
tributors D and C, respectively. 
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CESIUM- 137 CONCENTRATIONS (pc/liter) 
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FIGURE 3. CONCENTRATIONS OF CESIUM-137 IN 
MILK FROM INDIVIDUAL DISTRIBUTORS 
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CESIUM-1 37 CONCENTRATIONS (pc/liter) 
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FIGURE 4. COMPARISON OF CESIUM-137 CON- 
CENTRATIONS IN MILK FROM INDIVIDUAL 
DISTRIBUTORS WITH THOSE OF THE NET- 
WORK STATION SAMPLE 


The data demonstrate that the sampling tech- 
nique used during the period of the study was 
not a source of appreciable error. Figures 2, 
4, and 6 show that the calculated monthly 
averages for the three milk companies, both 
weighted and unweighted, were remarkably 
close to the values for the Network station 
sample. More important, these data closely cor- 
responded to the calculated weighted averages 
for the milk from all six companies. On the 
basis of these data, it is apparent that the Net- 
work station sample, consisting of equal por- 
tions from each of the three major distributors, 
was adequate during the period of the study. 
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STRONTIUM-89 CONCENTRATIONS (pc/liter) 


od —= wr 4 4 4 mn +. 4 rm ‘ 
apm | may | gun | su T auc | sep | oct | nov | pec 











FicurRE 6. COMPARISON OF STRONTIUM-89 CON- 
CENTRATIONS IN MILK FROM INDIVIDUAL 
DISTRIBUTORS WITH THOSE OF THE NET- 
WORK STATION SAMPLE 
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There was remarkably close agreement jor 
the three radionuclides between the yearly aver- 
ages of the Network station sample and all of 
the corresponding calculated yearly averages, 
including the weighted and unweighted aver- 
ages for the three largest distributors (A, B, 
and C) and the weighted average for the six 
distributors (A through F). For strontium-90 
the calculated yearly average (unweighted) for 
the three largest companies was the same as 
the yearly average for the Network station 
sample (table 1). The comparable value for 
cesium-137 was 5 percent, and the calculated 
yearly average weighted for the six companies 
was only 3 percent, above the yearly average 
of the Network station sample (table 2). The 
strontium-89 calculated yearly averages were 
within 4 percent of the Network yearly average 
(table 3). 





STRONTIUM-89 CONCENTRATIONS (pc/liter) 
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FicurE 5. CONCENTRATIONS OF STRONTIUM-89 
IN MILK FROM INDIVIDUAL DISTRIBUTORS 


Conclusions 


On the basis of these data it can be stated 
that, during the period of the study, in the city 
of Boston: 

1. There was reasonably close agreement 
between the yearly average levels of 
strontium-90, cesium-137, and stron- 
tium-89 in the Network station sample 
and in the milk from each of the six 
major distributors serving the area. 
For this reason, it can be concluded 
that the Network station sample offered 
a good estimate of the radionuclide con- 
tent of the fluid milk supplied by the 
individual companies commercially 
serving the city. 














2. There was very close agreement be- 
tween the yearly average levels for 
strontium-90, cesium-137, and stron- 
tium-89 in the Network station sample 
and the calculated averages based on 
the data from the individual analyses 
of the samples from the three major 
distributors, weighted according to the 
volume of milk distributed. Therefore, 
it can be concluded that the composit- 
ing procedure employed by the Pas- 
teurized Milk Network, though not 
ideal, was adequate under the circum- 
stances. 


3. The yearly average levels of strontium- 
90, cesium-137, and strontium-89 in 
the Network station sample and in the 
weighted yearly averages, calculated 
from the data from the individual 
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The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. This program is administered by 
the Division of Radiological Health with the 
assistance of the Division of Environmental 
Engineering and Food Protection (1). 


The program is designed to estimate the 
dietary intake of radionuclides in a selected 
population group of children ranging up to 19 
years of age. Initially, the program consisted of 
sampling diets in eight institutions, but it has 
since been expanded to 41 boarding schools or 
institutions, geographically distributed as 





RADIONUCLIDES IN INSTITUTIONAL DIET SAMPLES, 


Division of Radiological Health, Public Health Service 


analyses of samples from the six dis- 
tributors contributing 99 percent of the 
fluid milk consumed in the area, were 
substantially in agreement. For this 
reason it can be concluded that a 
sampling program in this area, which 
includes a sufficient number of com- 
panies to account for approximately 80 
percent of the milk supplied, is ade- 
quate for preparing a composite for 
estimating the average radionuclide 
levels in milk. 
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(1) DIVISION OF RADIOLOGICAL HEALTH. Pas- 
teurized Milk Network. Rad Health Data, 5: 257 
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(2) FEDERAL RADIATION COUNCIL. Background 

material for the development of radiation protection 

standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 

ton, D.C. 20402 (September 1961). 
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Figure 1. INSTITUTIONAL DIET SAMPLING 
LOCATIONS 


shown in figure 1. Institutions selected range 
from fiancially well-to-do boarding schools to 
orphanages with severe economic limitations. 
Each institution (with the exception of Los 
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Angeles, California; Fargo, North Dakota; 
Columbia, Mississippi; and Carson City, Ne- 
vada) is located in a community from which 
the PHS Pasteurized Milk Network collects 
samples. The analytical data from this program 
supplement the findings for the Institutional 
Diet Sampling Program. 


Sampling Procedure 


The sampling procedure is essentially the 
same at each institution. Each sample repre- 
sents the edible portion of the diet for a full 7- 
day week (21 meals plus soft drinks, candy 
bars, or other in-between snacks) obtained by 
duplicating the meals of a different individual 
each day. Each institution supplies one com- 
plete 7-day, 21-meal diet sample each month. 
Each day’s sample is kept frozen during the 
collection period. After collection the total 
sample is packed in dry ice for shipment by air 
express to the Southwestern Radiological 
Health Laboratory, Las Vegas, Nevada; the 
Southeastern Radiological Health Laboratory, 
Montgomery, Alabama; or the Northeastern 
Radiological Health Laboratory, Winchester, 
Massachusetts. 


The sample for each day is packaged in three 
parts: (1) solid food and semisolid foods minus 
those portions that would not ordinarily be 
eaten; (2) liquid milk; (3) other beverages 
such as soft drinks, coffee, and tea. Drinking 
water is not included in these samples or re- 
corded in this report. A record of the contents 
of each meal and the approximate amount of 
each item is made at the institution and sent 
with the sample. 


Analytical Procedures 


Because calcium may have an effect on the up- | 


take of important bone-seeking radionuclides 
such as strontium-89 and strontium-90 (2), it 
is included in the analytical program. Total 
weight is accurately determined in the labora- 
tory. Stable calcium and stable potassium de- 
terminations are obtained by conventional 
gravimetric or spectrophotometric methods. 
Samples usually range from 6 to 16 liters in 
volume and weigh from 8 to 20 kilograms. 
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The radioanalysis program is designed 
around three basic procedures: (1) gamma 
spectroscopy; (2) chemical separation of stron- 
tium-89 and strontium-90 with subsequent 
counting; and (3) radium-226 analysis. In the 
absence of interferences other than that from 
naturally-occurring radioactive potassium 
(K*°), minimum detectable concentrations for 
the gamma scan for iodine-131, cesium-137, and 
barium-140 are 10 pc/kg. Approximate mini- 
mum detectable concentrations for strontium- 
89, strontium-90, and radium-226 are: 5, 1, and 
0.1 pce/kg, respectively. 


Data 


Table 1 gives the results of the laboratory 
analyses of the food samples. In this table are 
presented concentrations of various radio- 
nuclides and stable elements expressed as pi- 
cocuries per kilogram of diet or grams per kilo- 
gram of diet, respectively. 


Table 2 presents the dietary intake data ex- 
pressed on a per-day basis from July through 
September 1964 for the 41 institutions from 
which samples were received. The intake values 
in this table were obtained by multiplying the 
food consumption rate in kg/day times the 
concentration values in grams or picocuries per 
kilogram of diet given in table 1. Also contained 
in the table is the range of ages of the children 
from which samples were obtained each month. 
The reported radionuclide concentrations of 
these samples are extrapolated to the midpoint 
of the sample collection period. 


Certain of the radioanalyses are reported by 
the laboratories as being “less-than” (<) a 
specified value. For data computations, the 
method employed is to use a zero for <10 
pe/kg values for iodine-131 and barium-140. A 
2.5 pe/kg value was substituted for a <5 pe/kg 
of strontium-89. 
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Period Issue 
July-September 1963 March 1964 
October-December 1963 July 1964 
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TaBLe 1.—INSTITUTIONAL DAILY DIETARY INTAKE CONCENTRATIONS, THIRD QUARTER 





Radionuclide concentrations (picocuries/kg) 
Age Total Calcium | Potassium 
Location of institution (years) | weight (g/kg) (g/kg) 
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TaBLeE 1.—INSTITUTIONAL DAILY DIETARY INTAKE CONCENTRATIONS, THIRD QUARTER 1964—Continued 





Location of institution 


Age 
(years) 


Total 
weight 
(kg/day) 


Calcium Potassium 
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| 
| 
| 
| 
| 
| 





Mont., Helena 


Nebr., Omaha 


Nev., Carson City 


N. J., Trenton_ - -- 


N. Mex., Albuquerque. - - 


N. Y., New York- 


i. C., Charlotte. __. 


N. D.. Fargo 


Ohio, Cleveland 


Okla., Oklahoma City 


Ore., Portland 


Penn., Pittsburgh 


S. C., Charleston 


Tenn., Memphis 


Texas, Austin 


Utah, Salt Lake City 


Vt., Burlington. -_.- - 


Va., Norfolk - 


Wash., Seattle- 


W. Va., Charleston 


Wis., Milwaukee_-. 


Wyo., Laramie 


_— 


eco Scy7 Szz oes See 
DAD neo Wa ANN 2HO weer 
> ase 
MOS DOH eon 


ie ie 


Da wot Gtk NON ONO WHEUMm 
(OG inom 


ppb POM 


ooo 999 Seo SSS S95 S99 SSS SHS SOS zzz 
~ bat pm 


6 
4 
5 
6 
7 
6 
6 

5 

5 

5 
8 
Ss 
5 


ZZ 
aae 
San ANN Seo Sow 


aan 


Radionuclide concentrations (picocuries/kg) 





Strontium- 
89 








ZZZ 


ZZzz coo owe 


ooo 


“OS Szz ZZZ ZZZ 2ZZ See 


me Oo COS ZZZ Ore 


Dn rr FPP Pr Nw 


oanw rr AA OOF 


ou 


aun 


Cron 


A AAA AAA AAA A 
ren 


A 
on 


aan 


AA AAA AA 
Crore 


wan 





Monthly averages. _ - 











coc; coo ooo ooo ooo ooo oo 


DOol wan Ban wae en 
whots| jak Phin COW Nba COD 











ooo 


CDOarlcoe@ xn FFF DOH OD FFKr DEO @ 




















* Average for radium-226 does not include total radium. 


> NS indicates no sample. 
© NA indicates no analysis. 
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TaBLE 2.—INSTITUTIONAL DAILY DIETARY INTAKE, THIRD QUARTER 1964 





Radionuclide intakes (picocuries/day) 
: Age Total Calcium | Potassium 
Location of institution (years) | weight-| (g/day) (g/day) 
(kg/day) Strontium-|Strontium-| Cesium- Barium- 
89 90 137 140 
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TaBLe 2.—INSTITUTIONAL DAILY DIETARY INTAKE, THIRD QUARTER 1964—Continued 





Radi lide intake i i , 
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® Average for radium-226 does not include total radium. 
b NS indicates no sample. 
¢ NA indicates no analysis. 
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Correction for March issue 
Values for stable strontium are incorrectly reported in tables 2 and 3 
of the article “Estimated Daily Intake of Radionuclides in California 
Diets,” which appeared on page 154 of the March 1965 RHD. Table 1 is 
correct as given. The decimal point is misplaced in the right-hand column 
of both tables 2 and 3, making the stable strontium data appear too high; 
the decimal point should be moved one place to the left. 
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Section []]— Water 


GROSS RADIOACTIVITY IN SURFACE WATERS OF THE UNITED 


STATES, OCTOBER 1964 


Division of Water Supply and Pollution Control, 
Public Health Service 


Levels of radioactivity in surface waters of 
the United States have been monitored by the 
Public Health Service Water Pollution Surveil- 
lance System since its initiation in 1957. Be- 
ginning with the establishment of 50 sampling 
points, this system has been expanded to 131 
stations as of March 1, 1965. These are oper- 
ated jointly with other Federal, State, and local 
agencies, and industry. Samples are taken from 
surface waters of all major U. S. river basins 
for physical, chemical, biological, and radio- 
logical analyses. These data can be used for 
evaluating sources of radioactivity which may 
affect specific domestic, commercial, and rec- 
reational uses of surface water. Further, the 
system provides background information neces- 
sary for recognizing pollution and water 
quality trends and for determining current and 
general levels of radioactivity to which the 
population may be exposed. Data assembled 
through the system and exact locations of 


sampling points are published in annual com- 
pilations (1-7). 


Sampling procedures 


The participating agencies collect one-liter 
“grab” samples each week and ship them “as 
is” to the Surveillance System Laboratory in 
Cincinnati for analysis. Gross alpha and gross 
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beta radioactivity determinations on the sus- 
pended and dissolved solids are performed as 
frequently as deemed necessary. 


Presently, gross alpha and beta determina- 
tions are made either on monthly composites of 
the weekly samples or on each weekly sample. 
Weekly alpha and beta determinations are 
scheduled for stations located downstream from 
known potential sources of radiactive waste 
and for other selected stations to observe short 
term changes due to weapons testing or other 
nuclear activities. Weekly analyses are also 
conducted at all newly established stations for 
the first year of operation. 


Strontium-90 analyses are performed on 
total solids of three-month composites of the 
weekly samples. The most recent strontium-90 
results are presented in the March 1965 issue 
of RHD. 

Normally, samples are counted within two 


weeks following collection or within one week 
after compositing. The decay of activity is fol- 
lowed on each sample for which the first 
analysis shows unusually high activity. Also, 
if a recount indicates that the original analysis 
was questionable, values based on recounting 
are recorded. All results are reported for the 
time of counting and are not extrapolated to 
the time of collection. 








Analytical Methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (8). Suspended and dissolved solids are 
separated by passing the sample through a 
membrane filter (type HA) with a pore size of 
0.45 micron. Planchets are then prepared for 
counting the dissolved solids (in the filtrate) 
and the suspended solids (on the charred mem- 
brane filter) in an internal proportional coun- 
ter. Reference sources of U;0s, which give a 
known count rate if the instrument is per- 


forming properly, are used for daily checking 
of the counter. 


Results 


Table 1 presents October 1964 results of 
alpha and beta analysis of U. S. surface waters. 
The stations on a river are arranged in the 
table according to their relative location on 
the river, the first stations listed being closest 
to the headwaters. These data are preliminary. 
Replicate analyses of some samples as well as 
some analyses incomplete at the time of this 
report will be included in the system’s “Annual 
Compilation of Data” (7). The figures for gross 
alpha and gross beta radioactivity represent 
either determinations on composite samples or 
means of weekly determinations where com- 
posites were not made. The monthly means are 
reported to the nearest pc/liter. When all 
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[Average concentrations in pc/liter} 




















Beta activity Alpha activity Beta activity Alpha activity 
Station Station 
Sus- Dis- Sus- Dis- Sus- Dis- Sus- Dis- 
pended | solved | Total | pended| solved | Total pended | solved | Total | pended} solved | Total 

Animas River: Vicksburg, Miss----- 12 27 39 3 1 4 
Cedar Hill, N. Mex. 3 13 16 0 2 2 New Roads, La---_-- 15 18 33 2 2 4 

Apalachicola River: ‘ New Orleans, La_.-- 4 17 21 1 2 3 
Chattahoochee, Fla-.- 2 4 6 <1 0 <1 Missouri River: 

Arkansas River: Williston, N. Dak___ 7 21 28 1 5 6 
Coolidge, Kansas-_--- 2 24 26 0 23 23 Bismarck, N.Dak - - - 4 27 31 0 3 3 
Ponca City, Okla_-_- 30 34 64 0 2 2 Yankton, S.Dak---- 2 30 32 1 4 5 

Atchafalaya River: St. Joseph, Mo_---- 22 29 51 4 7 ll 
Morgan City, La_-_-- 22 18 40 6 2 8 North Platte River: 

Bear River: Henry, Nebr_.--.-.-- 6 38 44 1 25 26 
Preston, Idaho------ 1 15 16 0 4 4 || Ohio River: 

Big Horn River: oS) ee 2 10 12 1 2 3 
Hardin, Mont- - ---- 9 18 27 0 7 7 Toronto, Ohio- --- -- 2 18 20 0 0 0 

Big Soiux River: Pend Oreille River: 

Sioux Falls, 8S. Dak-- 2 24 26 0 0 0 Albeni Falls Dam, 

Chattahoochee River: | SSE SPR 0 7 7 0 1 1 
Atlanta, Ga__.----- 6 7 13 1 0 1 Platte River: 

Columbus, Ga- - ---- 6 6 12 1 0 1 Plattsmouth, Nebr-_- 20 18 38 5 4 9 
Lenett, Ala........- 9 7 16 2 0 2 Potomac River: 

Chena River: Washington, D.C_-_-_ 1 12 13 1 1 
Fairbanks, Alaska_-_- 1 7 8 0 0 0 Red River, North: 

Clinch River: Grand Forks, N ; 
Clinton, Tenn_-_-_--- 3 12 15 1 2 3 ALA aibens cai wes 5 32 37 0 2 2 
Kingston, Tenn_---- 10 49 59 <1 <1 <= Red River, South: 

Colorado River: Alexandria, La_-_--.-_-. 28 ll 39 4 1 5 
Lema, Cole... ....-- 2 24 26 0 10 10 Rio Grande: 

OS ea 0 24 24 0 4 4 El Paso, Tex. .-...-- 8 54 62 2 10 12 
Parker Dam, Calif- ae 48 20 68 9 4 13 
ee 0 13 13 0 5 5 Sacramento River: 

Columbia River: Greens Landing, 

Wenatchee, Wash- -- 7 9 16 0 0 0 | ESS 1 6 7 0 1 1 
Pasco, Wash- ------. 104 538 642 0 <1 <1 San Joaquin River: 
Clatskanie, Ore. ---- 27 200 227 0 <1 <i Vernalis, Calif.____- 9 16 25 2 12 14 

Connecticut River: San Juan River: 

Enfield Dam, Conn-_- 3 12 15 1 0 1 Shiprock, N. Mex. -- 12 19 31 2 11 

Coosa River: Savannah River: 

a. ae 20 5 25 5 0 5 Port Wentworth, Ga_ 4 13 17 <i1 0 <1 

Cumberland River: Snake River: 

Cheatham Lock, Wawawai, Wash---_- 4 11 15 0 3 
eee 0 11 11 0 0 South Platte River: : 

Delaware River: Julesburg, Colo_.--- 8 62 70 1 28 29 
Philadelphia, Pa_-.-_- 1 8 9 0 0 Tennessee River: 

Escambia River: Lenoir City, Tenn_-_ 2 6 8 1 0 1 
Century, Fla_-.----. 4 12 <1 0 <1 Chattanooga, Tenn-- 2 10 12 0 0 0 

Great Lakes: Bridgeport, Ala-- - -- 4 10 14 0 1 1 
Duluth, Minn _---_-.. 0 5 5 0 0 0 Pickwick Landing, 

Hudson River: er a 4) 3 10 13 <1 <i <1 
Poughkeepsie, N.Y _-. 2 28 30 0 0 0 Tombigbee River: 

Illinois River: Columbus, Miss--.- -- 4 6 10 <1 0 <i 
Greston, Mi........ 4 15 19 1 2 3 Wabash River: 

Kansas River: New Harmony, Ind_- 2 12 14 0 1 1 
De Soto, Kans__..-- 13 36 49 2 2 4 Yellowstone River: 

Maumee River: Sidney, Mont-_----- 3 18 21 0 7 7 
Toledo, Ohio- -_.--. 8 18 26 1 2 3 

Mississippi River: NN SEAS TS 104 538 642 9 28 29 
St. Paul, Minn-. --- 6 26 32 0 0 0 ~ 
Dubuque, Iowa- -- -- 2 22 24 0 1 1 ee 0 4 5 0 0 0 
E. St. Louis, Ill_..-. 3 18 21 2 1 3 
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Figure 1. SAMPLING LOCATIONS AND ASSOCIATED TOTAL BETA ACTIVITY 
(pe/liter) IN SURFACE WATERS, OCTOBER 1964 


samples have zero pc/liter, the mean is reported 
as zero; when the calculated mean is between 
zero and 0.5 the mean is reported as<1 pc/ 
liter. 

A geographical perspective of the radioac- 
tivity in surface water is obtained from the 
numbers printed near the stations as shown in 
figure 1 which gives the October 1964 average 
total beta activity in suspended-plus-dissolved 
solids in raw water collected at each station. 
Gross radioactivity results for the years 1957- 
1962 have been summarized by Weaver et al 
(9). 

Discussion 

The monthly dissolved beta activity averages 
exceeded 100 pc/liter at two stations on the 
Columbia River; Pasco, Washington, and 
Clatskanie, Oregon. 

Dissolved alpha activity, associated with the 
dissolving of natural surface minerals by water, 
ranged from 0 to 28 pc/liter. Of all stations, 
4 stations on different rivers had monthly aver- 
age dissolved alpha activity greater than 10 
pe/liter. 

The radioactivity. associated with dissolved 
solids provides a rough indication of the levels 
which could occur in treated water, since nearly 
all suspended matter is removed by the treat- 
ment process (10). The Public Health Service 
Drinking Water Standards state that in the 
absence of strontium-90 and alpha emitters, ' 
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a water supply is acceptable when the gross 
beta concentration does not exceed 1,000 pc/ 
liter (11). 
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1 Absence is taken here to mean a negligibly small 
fraction of the specific limits of 3 pc/liter and 10 pc/ 
liter for unidentified alpha emitters and strontium—90 
respectively. 

2 Single free copies of this publication may be ob- 
tained from: Public Inquiries Branch, Public Health 
Service, U. S. Department of Health, Education, and 
Welfare, Washington, D.C. 20201. 


225 








Corrections for March Issue 


In figure 1 on page 156, the date in title is 
incorrect and should read, “SAMPLING LOCA- 
TIONS and ASSOCIATED TOTAL BETA 
ACTIVITY (pc/liter) IN SURFACE WA- 
TERS, SEPTEMBER 1964”; the date of June 


1964 in column 1 of text referring to figure 1 
should be changed to September 1964. 


The column of figures on right hand side of 
table 1, “Radioactivity in Raw Surface Waters, 
September 1964” on page 157 contains mis- 


aligned values. 


below. 


TaBLe 1.—RADIOACTIVITY IN RAW SURFACE WATERS, SEPTEMBER 1964 


[Average concentrations in pc/liter] 


The corrected table appears 









































Beta activity Alpha activity Beta activity Alpha activity 
Station Station 
Sus- Dis- Sus- Dis- Total Sus- Dis- Sus- Dis- 
pended | solved pended | solved pended | solved | Total | pended | solved | Total 

Animas River: E. St. Louis, Ill _ -_- 8 19 27 1 2 3 
Cedar Hill, N. Mex- 4 14 18 1 1 Vicksburg, Miss_-_. 13 22 35 2 1 

Apalachicola River: New Roads, La-_-__- 11 19 30 1 1 2 
Chattahoochee, Fla_- 2 2 4 0 0 0 New Orleans, La- -- 0 16 16 0 1 1 

Arkansas River: Missouri River: 

Coolidge, Kansas-- -- 6 43 49 0 12 12 Williston, N. Dak_- 5 22 27 0 4 4 
Ponca City, Okla-_-_-__ 53 31 84 9 0 9 St. Joseph, Mo----- 34 31 65 10 4 14 

Atchafalaya River: North Platte River: 

Morgan City, La-__-- 7 16 23 0 1 1 enry, Nebr__-_-_-.-- 3 34 37 0 21 21 

Bear River: F Ohio River 
Preston, Idaho------ 0 8 8 0 2 2 oS) ae 0 6 6 0 1 i 

Big Horn River: Toronto, Ohio-- --_- 2 16 18 0 0 0 
Hardin, Mont----. -- 7 9 16 1 10 11 Platte River: 

Chattahoochee River: Plattsmouth, Nebr- 58 22 80 12 3 15 
Atlanta, Ga______-- 5 i) 14 <1 0 <1 Potomac River: 

Columbus, Ga.- ----- 2 7 9 0 0 0 Washington, D.C__. 2 11 13 0 0 0 
Lanett, Ala.......-.- 2 4 6 0 0 0 Red River, North: 

Chena River: Grand Forks, N. 

Fairbanks, Alaska- -- 1 8 9 0 1 1 | 2 30 32 0 1 1 

Clinch River: Red River, South: 

Clinton, Tenn__----. 0 7 7 0 0 0 Alexandria, La-_-.--- 13 20 33 2 1 3 
Kingston, Tenn. ---- 12 23 35 0 0 0 Rio Grande: 

Colorado River: El Paso, Tex___-- -- 96 29 125 25 0 25 
Loma, Colo......-..- 4 0 4 1 17 18 Laredo, Tex._.__-- 418 16 434 73 1 74 
Oe Se 1 34 35 0 5 5 San Joaquin River: 

Parker Dam, Calif- Vernalis, Calif. __-_- 6 24 30 1 7 8 
_ ar 1 19 20 0 10 10 San Juan River: 

Columbia River: Shiprock, N. Mex-- 855 26 881 264 6 270 
Wenatchee, Wash - -- 0 11 11 0 0 0 Savannah River: ; 

Pasco, Wash-...-.-.-- 123 981 1104 0 1 1 Port Wentworth, Ga- 5 13 18 0 0 0 
Clatskanie, Ore. _. _- 18 150 168 <i <1 <1 Snake River: 

Connecticut River: Wawawai, Wash--_- 3 ll 14 0 2 2 
Enfield Dam, Conn-.- 0 i) 9 0 0 0 South Platte River: 

Cumberland River: Julesburg, Colo- - -- 3 51 54 0 18 18 
Cheatham Lock, Susquehanna River: 

- AA 0 s 0 0 Conowingo, Md.. -- 2 9 11 0 0 

Delaware River: Tennessee River: 

Philadelphia, Pa- . -- 1 7 0 0 0 Lenoir City, Tenn-_- 1 7 s 0 0 0 

Escambia River: Chattanooga, Tenn. 2 10 12 0 <1 <1 
Century, Fla... ..-- 5 Ss 13 1 0 1 Bridgeport, Ala- - -- 0 14 14 1 0 1 

Great Lakes: Pickwick Landing, 

Duluth, Minn______. 0 1 1 0 0 0 Sa Se 2 11 13 0 <i <1 

Hudson River: Tombigbee River: 

Poughkeepsie, N.Y __ 4 13 17 0 0 0 Columbus, Miss-- -- 3 8 1l 0 0 0 

Illinois River: Wabash River: 

Grafton, Ill_...... ‘ 6 17 23 1 2 3 New Harmony, Ind- 8 13 21 0 <i <i 

Kansas River: Yellowstone River: 

De Soto, Kans. - - - - - 51 33 84 7 1 8 Sidney, Mont---- -- 25 18 43 3 3 6 

Maumee River: 

Toledo, Ohio-__--..- -- 4 18 22 1 1 2 Se ee 855 981 1104 264 21 270 

Mississippi River: ————— 
St. Paul, Minn_-.-_-- 1 27 28 0 2 2 ES ee ee 0 0 1 0 0 0 





























Note: These data are preliminary; reanalysis of some samples may be made and additional analysis not completed at the time of the report may become 
available. For final data, one should consult the system’s annual report. 
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Section [V—Other Data 


CESIUM-137 BURDENS IN MAN, JULY 1963 THROUGH AUGUST 1964: 


Frank C. Leitnaker, Richard C. Reba, and Kent T. Woodward * 


Whole body cesium-137 burdens have been 
determined periodically by liquid-scintillation 
whole-body counting at the Walter Reed Army 
Institute of Research (WRAIR) since 1957 
(1,2). This paper concerns the data obtained 
from July 1963 through August 1964. 
Procedure 

During this period 690 assays of 628 sub- 
jects were done, with each determination based 
on a 200-second counting time. Subjects were 
primarily active duty military personnel (gen- 
eral population). Those subjects having radio- 
isotope contact were carefully noted. Cesium- 
137 body burdens are expressed as “‘picocuries 
cesium-137 per gram potassium” (pe Cs" */g 
K). The precision of the measurement is illus- 
trated by 14 separate determinations on the 
same subject over an eight-month period. With 
a mean body burden of 13.0 nc or 78.21 pce/g K, 
the standard deviation was 4.5 percent with a 
standard error of 1.2 percent. Thus, the 95 
percent confidence limits for the precision of 
any individual cesium-137 burden determined 
in the routine manner should be about +1.2 nc. 


Results 


Human burdens were found to be other than 
normally distributed (figure 1). The distribu- 
tion of pe Cs'**/g K for all subjects counted 
in July and August 1964, as well as for sub- 
jects counted over the entire period, approxi- 
mates a log-normal distribution (straight line 
fit on log probability paper—figure 2). Ellett 
and Brownell (3) have found that their data 
(cesium-137/g muscle) best fit a gamma dis- 
tribution. These data will be submitted to good- 





1This study was supported in oe by Defense 
a—_ Support Agency contract RD 41-61, Subtask 
.083. 





2Dr. Leitnaker is Research Fellow in Radiation 
Biology (Isotope Metabolism), Dr. Reba is Chief of 
the Department of Isotope Metabolism, and Dr. Wood- 
ward is Director of the Division of Nuclear Medicine, 
oa Reed Army Institute of Research, Washington, 
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ness of fit testing for normal, log normal, and 
gamma distributions. The skewness of the 
Walter Reed population distribution is not ex- 
treme and other workers have generally as- 
sumed similar distributions for the same kinds 
of data to be normal (2, 4, 5). The main error 
in this assumption has been in estimating ex- 
pected numbers in the population which would 
exceed three times the mean values. Differences 
between the arithmetical and geometrical 
means of each population are small. Since no 
rigorous statistical analysis is presented at this 
time, the data are expressed in the usual sta- 
tistical parameters of arithmetical mean and 
standard deviation. 
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FIGURE 1. FREQUENCY DISTRIBUTION OF THE 
WALTER REED POPULATION 
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FigurE 2. CUMULATIVE DISTRIBUTION OF 
CESIUM-137/POTASSIUM, U.S.A. AND EUROPE 


ADULT POPULATIONS, JULY 1963-AUGUST 
1964 


Total body potassium for each subject was 
also determined. Since the calculations assume 
no source of gamma radioactivity in the sub- 
ject other than cesium-137 and potassium-40, 
contamination with other gamma _ emitters 
tends to produce erroneous results for one or 
both values. Depending on the energy of the 
contaminant, either or both values can be 
raised, or one raised and the other lowered. 
Actually, any contaminant (except ones which 
would exactly simulate either cesium-137 or 
potassium-40 in energy) would affect both 
values if it affected either. Thus, definitely 
contaminated subjects can be identified by 
highly deviant potassium values. However, 
application of Chauvenet’s criterion (6) to the 
potassium values identified only 19 contami- 
nated subjects previously identified by crystal 
spectroscopy, previous exposure and history of 
radionuclide exposure. With these subjects 
eliminated, age, sex and radionuclide contact 
seemed to make very little difference in the re- 
calculated means (table 1). 


Analysis of the Data 


Accordingly, all data from the remaining 609 
subjects have been recombined and analyzed 
by month of analysis. Figure 3 shows the mean 
pe Cs'**/g K ratios by month with a range 
of two standard errors. The 33 percent rise to 
a maximum in the early summer of 1964 is 
definite. There was no change in the potassium 
determinations during this period. 

The State and major geographical area 
(U.S., Far East, Europe, etc.) in which each 
subject had lived the longest during the previ- 


ous 30 months was recorded. Maryland, the © 


District of Columbia, and Virginia represented 
43 percent of all subjects reported. Cesium-137 
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TaBLeE 1.—CESIUM-137 LEVELS BY AGE, SEX AND 
RADIOLOGICAL EXPOSURE, JULY 1963-AUGUST 1964 
















































































Rad. Number Cs Standard 
Age range Sex exp. Av. age of pe/g K | error 
subjects 
0-9 F _ 6 8 | 80.33 7.08 
me = 16 | 19 | 89.90 5.56 
’ a4 19 | 2 | 167.17| 39.40 
10-19 
‘ ~ 17 19 | 86.56 6.06 
+ 19 2| 74.34 9.38 
i io 24| 144 | 92.83 2.65 
bet + 26 | 96 | 92.09 2.94 
20 29 os | a 
in? - 23 | 28 | 75.29 3.46 
| + 26 | 5 | 79.74 9.89 
¥ le SY 33 | 57} 90.70} 4.25 
ole wer Sr 34.) 105 | 93.36 2.38 
30-34 me 
; — 32 5 | 93.84 | 9.58 
+ 35 | 7 | 88.84 7.05 
e - | 44 18 | 97.84 | 10.05 
+ | 43! 41| 82.02 3.46 
40-49 | - ~| -——-—|—-——!-- ~ 
page, Thee HE 45 | 11 | 82.53 | 10.90 
ee 44 | 7| 112.02} 11.30 
‘e Sree SERRA Moree) WEBER Ps screwed: Re 
Bg hes 55 | 3| 76.97 | 15.50 
vat OS ath 54 | 10 | 92.01 | 6.27 
eS, Seen SRS Ease ameruees 
SE TE BES 3| 95.73 | 25.85 
| =— | 53 | 3 | 73.01 7.59 
| M | + | 62 | 3| 81.29] 11.91 
60-69 |——-— — 
| F | + | 64 | 1 | 81.37 | 





* Plus sign indicates that subjects handled radioactive materials but 
were not contaminated. 
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FicgurRE 3. MEAN CESIUM-137 BURDENS IN 
WRAIR POPULATION SAMPLE FROM JULY 
1963 TO AUGUST 1964 


levels in those residing primarily in the U.S. 
during the last 30 months have been compared 
with those living in other areas (table 2). The 
data are, in general, too few for meaningful 
comparison except that the mean of cesium- 
137 of the group from Europe (primarily Ger- 
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many) appears to be about 30 percent higher 
than that of U.S. subjects. Different nationali- 
ties of people are not being compared, but 
groups of Americans living at home and abroad 
are. Although much of the American diet eaten 
by military personnel in Europe consists of 
food shipped from the United States, European 
sources provide most of the dairy products, 
meat, and fresh vegetables. 


Taste 2.—HUMAN BURDENS OF CESIUM-137 BY 
AREA OF RESIDENCE, JULY 1963-AUGUST 1964 














Number Cesium-137 
Area of (pe/g K) 
subjects mean & one 
St’d error 
fs BS CAI ey eee RE 34 + 9 +4.89 
Ns EE Sic nnccdie nw anergiade nine 1 
BER oe docdtden tencdsebbetseechaqudun 2 82. 34 +3.25 
SE Se See ee SES SEM 2 66 | 114.49+4.90 
Bat a cbdakasdwhecndonadt Paaveeeaee 1 | 53.78 
CN ei il BE ath Kein biel 3 ay 38 48. 90 
Co SONS is owes codec lcscicoona 1 
ne eal baie 499 + 97 +1.62 





An attempt to reveal time variations in 
cesium-137 levels by State was not feasible. To 
define real differences would require much 
larger sample sizes. To help achieve this, and 
in the hope that some combination would be 
more meaningful, the U.S. was divided into 
six arbitrary areas (figure 4). To increase the 
sample size further, combination into three 
areas was made when it was noted that each 
group had a mean pe Cs'*7/g K value almost 
identical with an adjacent group. Mean values 
by month for paired areas also tended to rise 
and fall together. 




















FicurE 4. U.S. SUBJECTS COUNTED BY STATE 
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FicurE 5. MONTHLY MEAN CESIUM-137 
BURDENS BY AREA 


Although these combined areas may not really 
be homogeneous, the data suggest that there is 
not much difference between them. Figure 5 
compares the mean monthly cesium-137 levels 
of the three large U.S. areas with those from 
Europe. The number of subjects, N, which de- 
termined each point is given. Although not 
noted on the graph, there was a large uncer- 
tainty of many points, due, it is felt, to small 
sample size. It appears that the “European 
burdens” were little, if any, higher than those 
in the U.S. until after the beginning of 1964. 
Increases in the U.S. level seemed to lag be- 
hind those from Europe. 
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Conrad P. Straub‘ and Gopala K.-Murthy * 


During the period July 1959 through August 
1961, samples of human milk were obtained in 
the Denver, Colorado and Chicago, Illinois 
areas as part of a program supported by the 
Division of Radiological Health. The Denver 
samples represented pooled human milk col- 
lected postpartum; those from Chicago were 
from individual donors who contributed to a 
milk bank. In the latter area, samples of cows’ 
milk consumed by the mothers during the 
period were also collected. The results ob- 
tained were compared with milk samples col- 
lected from an area serving a portion of the 
Chicago milkshed. 


The individual values are presented in tables 
1 through 4. Table 1 lists the results obtained 
with the Denver human milk samples; table 2, 
the Chicago human milk samples; table 3, the 
Chicago cows’ milk samples consumed by the 
donors; and table 4, the Chicago raw milkshed 
samples. 





1Dr. Straub is Director, Robert A. Taft Sanitary 
Engineering Center, Public Health Service, U. S. De- 
partment of Health, Education, and Welfare, Cincin- 
nati, Ohio. 

2 Dr. Murthy is Research Chemist, Food Chemistry, 
Milk and Food Research Program, Division of Environ- 
mental Engineering and Food Protection, Robert A. 
Taft Sanitary Engineering Center, Public Health Serv- 
ice, U.S. Department of Health, Education, and Wel- 
fare, Cincinnati, Ohio. 


STABLE ELEMENTS AND RADIONUCLIDES IN HUMAN MILK 






All data shown are expressed as_ the 
geometric mean and standard deviation (M, * 


o,), the arithmetic mean (M), and the median 
values (M,). The results show that the human 
milk values in Denver and Chicago had re- 
spective geometric mean values of 0.24 * 1.28 
and 0.21 * 1.26 g calcium/liter, 0.62 * 1.16 and 
0.32 * 1.18 g potassium/liter, 0.62% 1.55 and 
0.56 X 1.56 pe/liter of strontium-90, and 2.52 = 
1.73 and 2.73 < 1.82 pe strontium-90/g calcium. 
In addition, values for cesium-137 are shown. 
With the exception of the potassium concen- 
trations, there is excellent agreement in the 
values reported for the two areas. The potas- 
sium difference is believed to be due to the 
nature of the human milk collected. The Den- 
ver samples were pooled from postpartum 
donors, whereas the Chicago samples were re- 
ceived from individual donors whose milk was 
obtained during later lactation stages. The 
values cited above may be compared with 
values for cows’ milk as given in tables 3 and 4. 

In a paper submitted for publication else- 
where (1), the data listed are compared with 
concentrations found in human milk by other 
authors. . 
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TaBLeE 1.—CALCIUM, POTASSIUM, AND RADIONUCLIDE CONCENTRATIONS 
IN HUMAN MILK, DENVER, COLORADO 








































Sample number Date Ca K Srv Cg137 Sr9°/Ca 
(g/liter) (g/liter) (pe/liter) (pe/liter) (pe/g) 
Atal 5 dbs testght et chschien shee in gibi eae 7/9/59 0.185 0.552 |*0.7 +0.6 | »>11+41.3 3.8 
SE SRR ESE ee SSeS * 7/17/59 0.220 0.561 0.7 +0.6 c— 3.2 
Ry Bee PROC aS ees or 11/5/59 0.212 0.664 0.2 +0.4 —_— 0.9 
Sa ee 11/16/59 0.227 0.643 0.4 +0.6 19 1.8 
ks. slid ka taslaies. andeia oe aloe eel 11/27/59 0.293 0.618 0.4 +0.6 17 1.4 
Shir el nhasssnschakitie oi a gtd ec elec aioe 12/16/59 0.277 0.712 0.6 +0.4 15 2.2 
ee a ee 8/60 0.277 0.707 0.5 +0.4 5 1.8 
EEA SS Se Sees. 1/18/60 0.358 0.777 0.6 +0.4 15 Rew 
RR eee ee ny ee 1/19/60 0.183 0.630 0.6 +0.4 15 3.2 
Ra Pe RE ee 3/14/60 0.252 0.674 0.7 +0.4 |} ¢4ND 2.8 
SR ee EM Eee ee 3/16/60 0.218 0.658 0.8 +0.4 ND 3.7 
Mtn outdcaan Wiebubtat sac hawek 5/6/60 0.198 0.508 0.8 +0.4 18 4.0 
ES OS Sd ee Ss ea /1/60 0.126 0.271 1.2 +0.7 10 9.5 
«RS RS ee AE ee 10/17/60 0.268 0.681 0.49+0.6 ND 1.8 
Diead tt thee cardia wl ender hte ad 12/60 0.275 0.563 1.10+0.3 5 4.0 
| SR ees Feet» 2/61 0.228 0.567 0.84+0.4 10 3.7 
eee a, eee a 0.237 0.611 0.67 3.1 
Geom. average, Me*oe-....-.-.-------- 0.24% 1.28 | 0.62%1.16 | 0.62%1.55 2.52%1.73 
PG ER. b bana btaltanewencdsaacunces 0.228 0.636 0.65 3.0 










® Two o counting error. 
> By radiochemistry. 
°—, no value available. 





4 ND indicates not detectable. 
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TaBLe 2.—CALCIUM, POTASSIUM, AND RADIONUCLIDE CONCENTRATIONS 
IN HUMAN MILK, CHICAGO, ILLINOIS 
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Sample number Date 8 Ca K Srv Cai? §r%/Ca 
‘ (g/liter) (g/liter) (pe/liter) (pe/liter) (pe/g) 
e _ 
x Rie Baki dun dlcindininke eile 12/21/59 0.293 0.508 | >0.6 +0.4 5 2.0 
+ OD iiiley be dad ded hell 12/29/59 0.198 0.329 0.4 +0.2 10 3.0 
SB PENTOSE 1/25/60 0.191 0.534 0.3 +0.2 10 1.6 
an Oe Bee Fey ey Coy ee 5/19/60 0.1 0.344 1.4 +0.8 ¢ND 7.4 
an ee RE AY ee eee 6/13/60 0.231 0.251 0.6 +0.4 10 2.6 
_ SS ER ip Se (6/60) 7/12/60 0.191 0.306 0.74+0.6 10 3.9 
"e- BS ae onl male (7/60) 8/5/60 0.126 0.271 0.70+0.4 ND 5.6 
28 EE SER: Zee (8/60) 9/12/60 0.162 0.290 | 0.95+0.4 ND 5.8 
Se ae Ue ee (9/60) 10/11/60 0.219 0.334 0.50+0.3 ND 2.3 
nd TR Rr Ee 8 (10/60) 0.215 0.269 0.66 +0.6 10 3.1 
See ae ee (11/60) 0.301 0.307 | 0.66+0.4 ND 2.2 
nd __ RT. Rey (12/60) 0.192 0.258 | 0.78+0.1 ND 4.1 
x aN Aa ee (1/61) 0.178 0.339 0.88+0.2 ND 4.9 
a APT RE (2/61) 0.216 0.379 0.5 +0.4 10 2.3 
: + Seer ara eS (3/61) 0.282 0.340 0.3 +0.4 5 1.1 
m. Were chil st vcenonenta (4/61) 0.245 0.346 0.5 +0.4 5 2.0 
mM. PASS eee (5/61) d —| 0.67 a — 
ER, ee (6/61) 0.228 0.312 | 0.42 — 1.8 
n- | REPRE et! (7/61) _— _ 0.25 _ _ 
Sener (8/61) 0.205 0.340 0.32 —_— 1.6 
he 
aAS- UN QUUII, Tinsktan des ccccccccccsese 0.215 0.336 0.61 4 3.2 
he Geom average, Me%oe_..........------- 0.21%1.26 | 0.32%1.18 | 0.56%1.56 2.73 1.82 
n BEN, BR con nncncicns bien ile iba 0.211 0.332 0.6 2.4 
im * Dates in parentheses indicate month of collection; other dates indicate when samples were received. 
> Two-sigma counting error. 
re- ¢ ND indicates not detectable. 
4 Dashes indicate no values available. 
7as 
‘he TaBLEe 3.—CALCIUM, POTASSIUM, AND RADIONUCLIDE CONCENTRATIONS 
ith IN COWS’ MILK, CONSUMED BY TEST SUBJECTS, CHICAGO, ILLINOIS 
l 4, Sample number Date * Ca K Sr-90 > Cs-137 Sr-90/Ca Observed 
se (g/liter) (g/liter) (pe/liter) (pe/liter) (pe/g) ratio ° 
ith ei Pes (11/60) 1.112 1.464 | 6.941.6 10 6.2 0.35 
ELE TE (12/60) 1.127 1.432 6.6+4+1.4 5 5.9 0.70 
her Miieduns cad aeanae (1/61) 1.172 1.452 6.542.4 25 5.5 0.89 
ee (2/61) 1,125 1.441 10.0+1.8 5 8.9 0.26 
_ Pe er (3/61) 1.096 1.415 6.641.2 20 6.0 0.18 
a (4/61) 1.135 1.393 7.641.6 25 6.7 0.30 
Patitendoexekoah (5/61) d — _ 5.6 — 
See (6/61) 1.056 1.376 5.9 _— 5.6 0.32 
tints, ate ates einen (7/61) —_ _ 5.0 _ 
‘ _ ea (8/61) 1.068 1.394 4.4 —_ 4.1 0.39 
dio- 
vcs. Arith average, M_....____- 1.111 1.421 6.5 6.1 0.42 
Geom average, Me*oe____. 1.12%1.05 | 1.42%1.03 | 6.35%1.22 13%2.7 | 6.05%1.15 | 0.39%2.0 
PN: Miki eoeskwntwaen 1.118 1.424 6.6 15 6.0 0.37 
* Dates in parentheses are months of collection; other dates indicate when samples were received. 
> Two-sigma counting error. 
© Observed ration or _/Ce) ; i.e., human milk to cows’ milk. 
(Sr */Ca)e’ ©” 
4 Dash indicates no value available. 
TaBLe 4.—CALCIUM, POTASSIUM, AND RADIONUCLIDE CONCENTRATIONS 
IN COWS’ MILK, CHICAGO RAW MILKSHED SAMPLES 
Sample number Date Ca K Sr-90 Cs-137 Sr-90/Ca 
(g/liter) (g/liter) (pe/liter) (pe/liter) (pe/g) 
OPS RE Naar oe a eae ee en 11/60 1.19 1.44 7.720.5 15 6.5 
CEPR a OS eet ae Te 12/60 1.10 1.42 8.1+0.8 15 7.4 
_ Seis ee She ark PET ER 1/61 1.16 1.45 3.5+0.4 15 3.0 
, BO Ee TET aed ERT ES Ps 2/61 1.20 1.52 5.7240.6 20 4.8 
icin inched in aMabdeamees kata 3/61 1.15 1.54 8.4+0.6 20 7.3 
WS sinh a ghalens bid a ath hid wlow.die bie bbl 4/61 1.14 1.42 9.0+0.7 15 7.9 
PE PE Bed be PUY 5/61 1.13 1.43 7.520.5 25 6.6 
Min tdckebuakh and dsbilts dete ke 6/61 1.11 1.45 5.0+0.6 25 4.5 
— SSR RETR RS EINE te: 7/61 1.10 1.41 4.8+0.6 10 4.4 
Dida + Scgacutitiided euler lion 8/61 1.12 1.48 6.821.1 10 6.1 
inns ciceacanacaecancun 1.14 1.46 6.6 17 5.8 
Geom average, Me%oe_____. GOES Tee 1.13%1.04 | 1.44%1,02 | 6.6%1.48 | 16%1.53| | 5.8%1.3 
PN PIER Sick ids: hcceoaded 6 iacin dae 1.14 1.44 7.2 15 6.3 
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Atomic Energy Commission contractors who 
handle or produce radioactive materials are re- 
quired to report periodically to the Commis- 
sion on the environmental levels of radioac- 
tivity in the vicinity of major installations. 
These reports include data from routine 
monitoring programs where operations are of 
such a nature that plant perimeter surveys are 
required. 


Summaries of the environmental radioac- 
tivity reports for selected AEC installations 
are regularly published in Radiological Health 
Data. Summaries appearing in this issue cover 
the monitoring programs during the first half 
of 1964 at the following installations: Bettis 
Atomic Power Laboratory, Knolls Atomic 
Power Laboratory, Feed Materials Production 
Center, and the S1C Prototype Reactor Fa- 
cility. 


Releases of radioactive materials from these 
installations for the periods covered in the re- 
ports below are governed by standards set 
fourth in appropriate chapters of the AEC 
manual. The radioactivity concentration limits 
applicable to effluents released from AEC in- 
stallations are identical to those published in 
the Federal Register (1). 


1. Bettis Atomic Power Laboratory’ 
January—June 1964 


Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 


The Bettis Atomic Power Laboratory 
(BAPL) operated for the Atomic Energy 
Commission by Westinghouse Electric Corpora- 
tion, was established in.1949 to conduct re- 
search and development operations related to 
naval atomic propulsion systems and the cen- 
tral station atomic power reactor at Shipping- 
port, Pennsylvania. 





' Data and information summarized from reports to 
the Pennsylvania Department of Health entitled 
Environmental Radioactivity at the Bettis Atomic 
Power Laboratory PNRO-DEV-'*°, The reports were 
prepared by BAPL’s Industrial Hygiene Department 
and transmitted through the AEC Pittsburgh Naval 
Radiation Office (July 20, 1964). 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 





Routine environmental monitoring data from 
the sampling locations shown in figure 1 indi- 
cate that environmental radiation concentra- 
tions resulting from laboratory operations are 
well within Atomic Energy Commission pre- 
scribed limits (1). 


Liquid radioactive waste 


Liquid effluent discharged from the Labora- 
tory is sampled continuously, and composite 
samples are analyzed weekly for gross alpha 
and gross beta-gamma activity and quarterly 
for strontium-90 activity. In addition, analysis 
for total uranium alpha activity is performed 
whenever the combined gross alpha activity 
exceeds 2,000 pc/liter. 

The average concentration of gross radio- 
activity, including fallout, in the liquid effluent 
during the first six months of 1964 was 53 pc/ 
liter. This represents a decrease from the 130 
pe/liter average concentration observed in the 
first half of 1963. The average concentration 
of strontium-90 for the fourth quarter of 1963 
was 4.0 pce/liter. The average concentration of 
strontium-90 for the first quarter of 1964 was 
5.4 pe/liter. ; 

The strontium-90 analyses for the second 
quarter 1964 have not been completed. 


Background monitoring stations 


Four background monitoring stations are in 
continuous operation on the Laboratory prop- 
erty. Three of the stations are located at the 
perimeter of the Laboratory and one station is 
centrally located with respect to the main 
Laboratory area. These stations continually 
measure and record the external beta-gamma 
radiation level, the external gamma radiation 
level and the beta-gamma activity of particu- 
lates in air as collected by a continuous air 
monitor of the moving filter type. Air samples 
are continuously collected at two of the sta- 
tions. The filters removed from the high volume 
air samplers are retained for specific analysis 
when required to identify the nature of the 
airborne activity. External gamma activity for 
the three perimeter stations is given in table 1. 
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FicurE 1. BETTIS ATOMIC POWER LABORATORY SAMPLING STATIONS 


Taste 1.—RADIOACTIVITY IN THE BAPL 
ENVIRONMENT, JANUARY-JUNE 1964 














Type of measurement First Second 
quarter quarter 
Liquid wastes (pc/liter) 
A, ow kad cn cdnch Calareahneehum b— 53 
a ee ee eee 5.4 c— 
Beta-gamma dose rate 
ELE EEE! A ET Te eT” b— 0.016 
Beta activity in fallout 
I tnnccennwaitees paetoscamewattd b— | ¢,415.7 
Stream silt (pe/gram) 
PS SD a ee ee 33 19 
DSU Lbs Sanne ne ok auekdewnal 31 20 
I i ad i nie atcen as al bath eens : 26 18 
eta? Beamon A... 2.2.2.2 Pe sanhdt fas 6 46 18 
| Eo 5 parka Wate aa 25 29 
SEE pee fee a mae Ae 27 37 





* An environmental MPC of 2000 pc/liter is used as the standard for 
liquid wastes effluent. 

b Semi-annual average. 

© Second quarter results not complete. 

4 Five months (through May) average for all stations. 


Background beta-gamma radiation intensi- 
ties averaged 0.016 mr/hr during this period. 
This is not significantly different from the 
background radiation intensities measured 
previously at the same location. 


Stream silt 


Stream silt sampling previously reported 
has now been discontinued. 


April 1965 


Soil samples 


Soil samples are collected at eight locations 
on and offsite and are retained for a period of 
two years. These samples are analyzed for 
radioactivity only on an “as required” basis. 
No analyses were required during the six- 
month period. 


Fallout 


Fallout samples, collected at three locations 
at the perimeter of the Laboratory over a 
period of one month in high-wall stainless steel 
pots, are analyzed for gross alpha activity and 
gross beta-gamma activity. 

The average concentration of radioactive 
fallout for five months during the first half of 
1964 was 15.7 mc/mi*?/mo. (The analyses of 
samples for the month of June were incomplete 
at the time of reporting.) There was a de- 
crease in fallout activity during this period as 
compared to the first six months of 1963. 
Recent coverage in Radiological Health Data: 

Period Issue 


July 1961 to June 1962 April 1963 
July 1962 to June 1963 April 1964 
July 1963 to December 1963 November 1964 
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2. Feed Materials Production Center, 
January—June 1964 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center 
(FMPC) is operated by the National Lead 
Company of Ohio for the AEC. The location as 
related to populated areas is shown in figure 2. 
Cincinnati and Hamilton—the larger nearby 
communities—are situated 20 and 10 miles, re- 
spectively, from the Center. 




















| HAMILTON 
| XN 3 
~ State mw e. I { N 
Sen, uv . 
: f .. 
Be. 
SHANDON \ 
ROSS’ E=" BUTLER_ Co, 
- ; <= OA HAMILTON Og "7 
HARRISON rowan) 
- fe NEW wa 
- AS BALTIMORE Y\ 0.12.3 4 
a NN ~, Miles 
< >. S\ } 
Z!O \s MIAMITOWN 
< - S 
Zi E og ar % 
. \ +) 
CINCINNATI 
P. a > ‘ 








FicgurE 2. AREA MAP OF FEED MATERIALS 
PRODUCTION CENTER 


Operations at this project deal with process- 
ing of high-grade uranium concentrates to pro- 
duce metallic uranium and with fabricating 
the metal into fuel elements. 

An environmental survey program of air 
and water sampling is maintained to check 
the effectiveness of dust collectors and waste 
treatment processes. Inspection of the data in- 
dicates that the release of radioactive materials 
to the environment is controlled as required by 
AEC and State of Ohio regulations. 


Air monitoring 


FMPC uses dust collectors such as bag col- 
lectors, electrostatic precipitators, and scrub- 
bing towers which remove nearly all of the air- 
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borne particulates generated during the many 
plant operations. The environmental air 
sampling program provides an indication of 
the amount of material released into the at- 
mosphere. 
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Ficure 3. AIR AND WATER SAMPLING STA- 
TIONS, FEED MATERIALS PRODUCTION 
CENTER 
Onsite samples were taken at four per- 

manent sampling stations located at the four 

corners of the production area shown in figure 

3. Offsite samples were taken by a mobile unit 

operated at various distances and directions 

from the plant determined by local meteorologi- 
cal conditions on the day of sampling. The data 
for the offsite samples are averaged in groups 
according to distance from the production 
area. Concentrations of uranium and total ac- 
tivity of airborne particulates sampled at on- 
site and offsite locations are given in table 2. 


TaBLe 2.—RADIOACTIVITY OF AIRBORNE 
PARTICULATES, FMPC 


{Average concentrations in pc/m*] 























First half 1964 
Location 
No. of | Uranium * Total 
samples activity > 
Onsite 
SE PR ee eee 25 0.2 1.3 
RS Ee aes eee 24 0.1 1.1 
ae ie eaeween 25 0.3 1.6 
| ERS eee ee 24 0.2 Pe 
All onsite samples--- -- AS ier Fe 98 0.2 1.3 
Offsite 
0-2 miles from FMPC_-........-.-- 34 0.2 1.4 
2-4 miles from FMPC__________.- 24 0.1 1.0 
4-8 miles from FMPC_____.____-- 38 0.1 1.3 
8-10 miles from FMPC__________. 10 0.1 1.1 
All offsite samples_._. _. .__.___-- 116 0.1 | 1.2 








® MPC=2 pc/m? 
b MPC= 100 pc/m? 
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Water monitoring 


Continuous daily samples, collected from the 
combined sewer leading from the FMPC site 
to the Great Miami River, are analyzed for 
uranium and total activity. The combined sew- 
age is composed of treated liquid effluent from 
the production plants, water treatment plants 
waste effluent, storm sewer discharge, and 
treated sanitary sewage. Using the data from 
the combined sewage samples and stream flow 
data for the Great Miami River, the FMPC 
contribution to radioactivity concentrations in 
the river may be calculated. To check the cal- 
culated results, weekly upstream and down- 
stream spot samples are taken. Table 3 presents 
the calculated and the spot check river concen- 
trations. Since the calculated concentration 
represents only the contribution from FMPC, 
it should be compared with the difference of 
the upstream and downstream measurements. 
Sampling points are shown in figure 3. 


TaBLE 3.—CONCENTRATIONS OF URANIUM AND 
TOTAL: ACTIVITY IN THE GREAT MIAMI 
RIVER, OHIO 


[Average concentrations in pc/liter] 

















| First half 1964 
Location Method of determination | _ , el lla 
No. Ura- Total 
of nium®* | activ- 
samples ity * 
Sewer outfall. _.| Calculated from sewer 182 8 10 
concentrations and 
stream data (contin- } 
uous sampling). 
Upstream - - - - -- Spot samples__-__.._----- 26 7 30 
Downstream___.| Spot samples----- ------- 33 9 40 
PE hackle dbtcd tanh bankas bsasine — 2 10 














* MPC= 20,000 pc/liter. 
>’ MPC=3,000 pc/liter. 


Recent coverage in Radiological Health Data: 


Period Issue 
July—December 1960 June 1961 
January—June 1961 December 1961 
July 1961-June 1962 March 1963 
July 1962—December 1963 May 1964 


April 1965 


3. Knolls Atomic Power Laboratory 
January—June 1964 


General Electric Company 
Schenectady, New York 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission, is to support the Naval 
Reactors Program of the Commission in the 
development of atomic power reactors for naval 
propulsion. This includes design, construction, 
and prototype operation of nuclear power re- 
actors. 


The Knolls Atomic Power Laboratory con- 
sists of two sites, the Knolls site and the West 
Milton site, located as shown in figure 4. The 
Knolls site occupies approximately 170 acres 
on which are located administrative buildings; 
chemistry, physics, metallurgical, engineering, 
and radioactive materials laboratories; critical 
assembly buildings; machine shops; decon- 
tamination facilities; radioactive waste stor- 
age and processing facilities; and nuclear fuel 
storage and assembly buildings. The West Mil- 
ton site occupies approximately 4,000 acres. 
Its principal facilities include the Triton (S3G) 
and Bainbridge (D1G) prototype reactors, 
equipment service building, fuel service build- 
ing, and waste treatment facility. Regular en- 
vironmental monitoring activities are con- 
ducted to assure that environmental radiation 
concentrations resulting from laboratory: oper- 
ations are well within Atomic Energy Com- 
mission prescribed limits (1). 


Air Monitoring 


Environmental airborne radioactivity is 
measured at two locations on the Knolls site, 
four locations at the West Milton site, and at 
the General Electric Company Research Lab- 
oratory, approximately one mile west of the 
Knolls site. Airborne radioactivity is sampled 
continuously and analyzed on a weekly basis. 
The results of the airborne radioactivity 
analyses are given in table 4. Measurements of 
airborne radioactivity are made at least 48 
hours after collection allowing the naturally 
occurring short-lived materials to decay. 
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Figure 4. ENVIRONMENTAL MONITORING LOCATIONS, KAPL 


Tasie 4.—AIRBORNE BETA ACTIVITY, KAPL, 
JANUARY-JUNE 1964 


{Average concentrations in pe/m‘] 


Sampling locations January-June 1964 


Knolls site. _ . - ake 7 . oer 1.41 
West Milton site_- : ; = | 1.45 
Offsite... Se ie pe suaec er eel 1.38 


Liquid Waste Monitoring 


The dilution potential of the Mohawk River 
is utilized to a limited degree in the disposal of 
liquid radioactive wastes from the Knolls site. 
All potential sources of liquid radioactive waste 
at the Knolls site are connected by control 
drains to collection tanks in the radioactive 
waste processing building. The release of liquid 
waste to the Mohawk River is regulated ac- 
cording to (1) the concentration of fission 
products in the collection tanks, and (2) the 
flow of the river. A continuous proportional 


sample of the Knolls site combined sewer 
effluent is taken at the point of discharge to the 
Mohawk River. Radiochemical analyses of 
weekly composite samples show that strontium- 
90 is the principal component to be considered 
in control. The amounts and the radioisotopic 
content of the combined sewer effluent dis- 
charged from the Knolls site have been sum- 
marized in table 5. A total of 0.29 curie of 
beta activity was discharged to the Mohawk 
River during the 6-month period of this report. 


TaBLE 5.—RADIONUCLIDE CONCENTRATIONS IN 
THE KNOLLS SITE WASTE EFFLUENT, KAPL 


{Average concentrations in pc/liter] 





Radionuclides January-June 1964 





ER EE pan ag A Se Ge Se ee oe Ne <i1l 
EEE ee a Se ae er ee 370 
RS Te Sa ee ea ree ee 500 
i ik Sl creak omg dieu 200 
EE Sac deh is sla fe i ta cd a seen ddl ocalogsioin hadi We aeloerdl <10 
PN Cahtkanuesceedebuscaneciainseaeeakeneeaen <1l 








Radiological Health Data 









-oSsor | * | 








Mohawk River water is sampled continuously 
at the point of discharge from the Knolls site; 
at the General Electric Company powerhouse 
eight miles upstream from the site; at the 
Vischer Ferry powerhouse approximately two 
miles downstream; and at the City of Cohoes 
pumping station about 13 miles downstream. 
Samples taken from the Cohoes station show 
very nearly the same average concentrations 
obtained for the Vischer Ferry samples (table 
6). 


Taste 6.—GROSS BETA ACTIVITY IN STREAMS 
RECEIVING EFFLUENTS, KAPL 


[Average concentration in pc/liter] 





Stream and location January-June 1964 





Mohawk River (Knolls site): * 
G.E. Powerhouse (upstream) - - - - - oe! eS ee 10 


Vischer Ferry (downstream) ---- - - -- en ee ee 11 
Glowegee Creek (West Milton site): * * 

AL SOPs Es ee ee eee 13 

Downsteam - - - --- EP Sete Spay nee SPR cer ee EY 18 








* MPCw= 100 pc/liter. 


Since the Glowegee Creek does not have a 
reliable dilution potential, the radioactivity 
levels in the liquid waste from the West Milton 
site are operationally controlled and diluted 
prior to release to the creek. A total of 0.018 
curie was discharged at two points into Glowe- 
gee Creek during the 6-month period at 
monthly average concentrations ranging from 
7 to 80 pc/liter. Samples of the Glowegee Creek 
water are taken once a week at two locations, 
one at about 150 feet above the point where the 
S3G effluent enters the stream, and the other 
2,640 feet below the S3G discharge or 1,500 
feet below the D1G discharge. 


Recent coverage in Radiological Health Data: 





Period Issue 
Third and fourth quarters 

1960 September 1961 
First and second quarters 

1961 March 1962 
July 1961-—June 1962 July 1963 
July 1962—December 1963 June 1964 


April 1965 


4. S1C Prototype Reactor Facility 
January-June 1964 


Combustion Engineering, Inc. 
Windsor, Connecticut 


The S1C Prototype is a land-based nuclear 
submarine power plant facility, operated for 
the Atomic Energy Commission by the Naval 
Reactors Division of Combustion Engineering, 
at Windsor, Connecticut. The Prototype con- 
tains a pressurized water reactor power plant 
which is used for research, development, and 
training. 

All materials released to the environment are 
routinely monitored to assure that waste dis- 
posal operations comply with AEC regulations. 
Monitoring results which follow indicate that 
the Facility has fully complied with the stand- 
ards previously described (1). 

Essentially all of the radioactive wastes 
originate from activation of minute amounts 
of impurities and corrosion products in the cir- 
culating water used as a reactor coolant. Ven- 
tilation air from the submarine hull and the 
supporting facility is continuously monitored 
at the exhaust stack. Liquid wastes are mon- 
itored before discharge to the Farmington 
River. Tables 7 and 8 give the average beta 
concentrations of airborne and liquid wastes 
before release to the environment. 


TaB_e 7.—AIRBORNE BETA ACTIVITY, SIC, 
JANUARY-JUNE 1964 


[Average concentrations in pce/m®‘] 





Sampling locations Jan.—Mar. Apr.-June 
1964 


1964 
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TaBLeE 8.—RADIOACTIVITY IN LIQUID WASTES 
DISCHARGED INTO THE FARMINGTON RIVER, 
SiC, JANUARY-JUNE 1964 








Activity January-June 1964 
Total beta activity (millicuries)..................- 10.35 
Average gross beta concentrations (pc/liter): 
Di Ecditnnwsiad babar dabboadanaseasbabckod 1,700 
ET a ee Ea er 100 
8 REN SEE ae EL ey Se = 240 
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FicurE 5. ENVIRONMENTAL MONITORING LOCATIONS, SiC PROTOTYPE SITE 


Figure 5 shows the locations of 6 water 
sampling stations along the Farmington River 
and of 17 fallout monitoring stations. A more 
detailed description of S1C Prototype Reactor 
Facility and its control measures is available 
in the September 1961 issue of Radiological 
Health Data. Comparisons of the data for up- 
stream and downstream samples appear in 
table 9. 


Recent coverage in Radiological Health Data: 
Period 


July—December 1960 
January-July 1961 

July 1961-June 1962 
July 1963—December 1963 


Issue 


September 1960 
March 1962 
July 1963 

June 1964 


TaBLe 9.—BETA ACTIVITY IN THE FARMINGTON 
RIVER, JANUARY-JUNE 1964 





Sampling station (figure 5) Activity 





Water (pc/liter) 








® Equal to background. 
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(1) U.S. ATOMIC ENERGY COMMISSION. Rules 
and regulations, standards for protection against 
radiation, Title 10, Part 20, Appendix B, Table 2. 
U.S. Government Printing Office, Washington, D.C. 
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REPORTED NUCLEAR DETONATIONS, MARCH 1965 


During the month of March two United of low-intermediate yield (20-200 kilotons) and 
States nuclear tests were announced by the were conducted underground at the Nevada 
Atomic Energy Commission. Both tests were Test Site. 


April 1965 





